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THE TERMINOLOGY OF “ XEROPHYTISM ” 

By I). THODAY. = 

■ ^ 

The problem of “x(‘ropbytism” haH attracted renewed attention lately 'v^th 
the accumulation of a large amount of experimental data liy Maximov and “his 
associates, by Huber, Stocker, Walter, Seybold and others. These data have 
made it clear that xerophytes arc not necessarily characterised by a low rate 
of transpiration, and have brought out more prominently the diversity of types 
included among them. 

How the old terms are to be fitted to the new outlook has been rejieatedly 
discussed in the r(‘cent literature. The positive suggestions, however, are some- 
what divergent, and the moment seems opportune for an attempt to secure 
uniformity Ix'fore usage has become confused. 

Much of the difficulty has b(*cn due to the fact that the concept “xero- 
])hyte'’ came to include certain characteristics of form and structure as well 
as of habitat. This limited the application of the term in a manner whi^h was 
rath('r arbitrary and never clearly defined. 

It was ap])lied at first quite generally to plants growing in dry localities ( 13 ). 
This scivms indisputaidc. 8chimper ( 12 , p. 2) states: ‘'It is usual to designate 
the plants... of dry localities as xerophytes,'* and goes on to extend the meaning 
of flryness to cover physiological dryness. “ Xerophilous" was used l)y de Can- 
dolle, and by Wacniing ( 19 , p. in suggesting a modification of de Candolle’s 
definition, with reference to habitat. 

Schimper, how(‘ver, made the categorical statement {loc, cit. p. 4) that “all 
plants with an environment " which is physiologically dry “ possess the structure 
and characteristics of xerophytes.” This statement is ambiguous. Jf the en- 
vironment lias alr(‘ady bt*en classed, quite independently, as dry, then it means 
that a studv of the ])lants growing in tlu^ locality in question will reveal to us 
the structure and chara,cteristi(‘s of particular xerojihytes. If, on the other 
hand, xeroph>des are to be defined by structural features the statement is in- 
accurate in its universality, and involves the fallacy: Many xerophytes show 
features of certain kinds which are therefore called xerophytic; xerophvtic 
features are (diaractiu-istic of xerophytes; plants without such featiu’es are not 
xerophytes. As Maximov says ( 11 , p, 25): “Many authors have assumed that 
features peculiar to sornt* special class of xerophytes are (‘haracteristic of the 
group — in reality a very diverse one — as a whole.’ Yet although structural 
implications have become associated with the term, it has always referred 
primarily and principally to the dryness of the habitat. 

Emphasis of the protective efltect of many xerophytic characters against 
loss of water, resulted further in the inclusion of reduced transpiration within 
the c'.oncept. This is most clearly seen in the categorical statement in Benecke 
and Jost’s PjlanzenphysM^ ( 2 , vol. i, p. 82): “Die Pflanzen trockener 
Journ. of Ecology XXI ^ 



2 The Terminology of ""Xerophytism '' 

Standorte, die Einschraiikungen in der Transpiration aufweisen, nennt man 
Xerophyten.” It led Kamerling ( 9 ) to exclude as ''pseudoxerophytes” plants 
usually regarded as most typical of dry habitats, because he found that they 
transpired rapidly. The fact that he has not been followed shows that reduction 
of transpiration was less fundamental to the concept than the other parts of 
its connotation. 

The view of “xerophily ” as a ‘'natural concept mvolving the total reaction 
of plant to environment’' and not to be defined “in terms of habitat, of 
anatomy, or of physiology alone,” was ably put by Delf (4) in 1915; but a 
perusal of her paper leaves the impression that the facts already known were 
showing the anatomy and physiology to be very diverse. The only consistent 
feature of the concept was therefore that of habitat. The reference to anatomy 
and physiolog}" implied nothing more definite than that plants are adapted to 
their natural environment. 

The term “xerophytic,” as applied to adaptations, was brought into dis- 
repute by the difficulty that so-called xerophytic features are not confined to 
plants of dry habitats. Schimper had met this difficulty in part by dis- 
tinguishing between physical and physiological drought; but many facts have 
accumulated since, which this view is inadequate to cover (cf. c.g. Delf (4), 
p. 113, on halophytes). 

The difficulty has been avoided by the use of “xeromorphic” instead of 
“xerophytic.” This term, which has come into general use, has the advantage that 
it is applicable to plants that arc not xerophytes. Broadly it signifies “having 
features such as are characteristic of xerophytes ” ; but it has not remained un- 
contaminated by the “reduction of transpiration ” taint. Warming ( 19 ) defined 
it as “protected from desiccation by certain devices,” which he enumerated. 

Maximov ( 11 , p. 372) has recently suggested that “xeromorphic” should 
be used for those features of form and structure which can f)e shown by ex- 
periment to be produced or intensified by desiccating conditions. An apprecia- 
tion of the similarity between many xeromorphic features and the structural 
effects experimentally produced by such conditions was shown by Schimper 
(^ 2 , pp- 4-7) and by Warming ( 19 , pp. 127-30). Nevertheless Maximov’s pro- 
posal is open to the objection that it is a departure from current usage, makes 
no provision for data not yet causally analysed and may lead to confusion. 
Some plants are relatively non-plastic and their xeromorphic features are 
hereditary — in fact, this is in a high degree true of very many xerophytes. We 
cannot assume without begging a big question that these features have been 
directly due to environmental influences in the past history of the species and 
therefore they do not strictly come under Maximov's definition^ ; yet we need 

^ “ Wie weit die ‘ xerophilen ‘ Einrichtungen der Blatter von den Ausscnbedingungen (besonders 
Luft- und Bodentrockenhoit) abhangen und durch sie horvorgeriifen oder geiindert werden, odor 
wie weit unabhangig hiervon feste erblicho Merkmale (alsokeine ‘kausalen Funktionsharmonien,’ 
weiiigstens nicht in der Gegenwart, hypo the tischerweise hdchstens im Laiif der Stammesent- 
wicklung) vorliegen, bedarf freilich noch eingehender Untersuchimgen.” XJngerer (17), p. 110. 
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a term to cover them. Rather than find a substitute for ‘'xeromorphic ” in its 
customary sense, it would be better to find a new term for features coming 
within Maximov’s category. ‘^Xeroplastic” may be suggested as more appro- 
priate in its literal significance. 

Xeroplastic features (examples of ‘^xeromorphosis,” cf. Ungerer ( 17 , p. 99)), 
as shown in the experiments of Zalenski, Yapp, Alexandrov and others ( 11 ) 
for particular species, are in general xeromorphic; but when similar features 
arc exhibited by a given desert plant they cannot be assumed to be xero- 
plastic until experiments with that species have demonstrated them to be so. 

Since sun leaves as compared with shade leaves show similar features (cf. 
Huber, 6 , etc.) it may theoretically be desirable to distinguish between xero- 
plastic and helioplastic characters. It is doul)tful, however, whether a sharp 
separation is possible, even in theory. 

If xeroplastic is accepted for Maximov’s category, ‘"xerophyte” and ‘'xero- 
morphic” can retain their customary significance; but they require clearer 
definition. 

The difficulties to which reference has so far been made could be avoided 
and historical continuity maintained by using “xerophyte” to mean a plant 
growing in a dry habitat, irrespective of the kind of adaptations it exhibits. 
Like Warming’s ‘'erernophyte,” etc., it would have simply a habitat sig- 
nificance, with no particular functional or structural implications. It would 
be a relative term. Authors are generally agreed that the boundaries of this 
class cannot be sharply drawn. 

“ Xeromor])hic,” on the other hand, has replaced “xerophytic” as used in 
a rather restricted sense, to characterise those features of the aerial shoot 
system which are exhibited in a marked degree by conspicuous xerophytes 
i.e. those which stand out as diffiuent from ‘‘ordinary ’ plants, give xerophytic 
vegetation its pca^iiliar facies and strikf^ the eye as distinctive of it. 

Some of th(*se xeromorphic features are actually such as reduce the water 
loss to a minimum in emergency. Some of them do reduce water loss (e.g. 
ciiticular transpiration) at all times in comparison ivith an imaginary plant 
simildr in all respects but lacking these features. Indeed, when the functional 
effects of anatomical characters are considered, they are generally taken one 
at a time and the effect estimated ceteris paribus. This is probably as far as 
Schimper went when he emphasised the reduction of transpiration in xeio- 
phytes. 

Experience has taught us the dangers of inference from mere anatomy, even 
with regard to how structures work (the limitations of stomatal control are a 
case in point) and especially from xeromorphy to physiological drought. There- 
fore it is not justifiable to attach a functional significance to the term xeio- 
morphic” any more than to “xeroplastic.” Xeromorphic should be purely 
comparative-morphological, xeroplastic purely causal-morphological. More 
over they are descriptive, not classificatory : e.g. xeromorphic and haloniorphic 

1-2 
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are not mutually exclusive; the development of "water tissue may be xero- 
plastic ( 1 ) or haloplastic; and similarly "with xeromorphic and heliomorphic, etc. 

The one limitation which would historically be justified is that xeromorphic 
should apply to the aerial, transpiring system only, not to the underground 
parts, or, for example, to the balance between the transpiring and absorbing 
systems. 

This still leaves the meaning of “xeromorphic” vague. Maximov aimed at 
making it more definite. The facts, however, seem to preclude this. It is 
difficult to find any anatomical characters which are truly general among 
xerophytes. The concept is really a composite one, in which several kinds of 
xeromorphy are included. Plants with tough leathery leaves, phyUodes or 
phylloclades, "with thick cuticle; or with soft hairy leaves; some of them 
microphyllous, with leaves flat or grooved; plants with rudimentary leaves, 
switch plants or stem succulents; leaf succulents — in diverse combinations 
these contribute to give vegetation a xeromorphic aspect. Closer definition of 
what is a xeromorphic character could hardly be successful, except within 
limited groups. 

In contradistinction to xeromorphic, “xerophytic” would signify simply 
“appertaining to a xerophyte.” “Xerophytic adaptation” would then be 
applicable without limitation to any character, not solely of the shoot system, 
of a xerophyte, which adapts it to a relatively dry habitat. A “xerophytic 
grass ” would mean a grass which is a xerophyte. 

“Xerophytic vegetation” in the strict sense would mean vegetation com- 
posed of xerophytes, i.e. vegetation of dry habitats, not vegetation with a 
xeromorphic facies, though xerophytic vegetation taken as a whole is by de- 
finition predominantly xeromorphic, our idea of what is xeromorphic being 
derived from those elements in xerophytic vegetation which give it its charac- 
teristic facies^. 

The terms have been used substantially as here proposed by Schratz ( 14 , 15 ) 
and Hiiser ( 7 ), by James ( 8 , p. 170) and broadly speaking by Maximov and Huber. 

The chief objection to using xerophyte "with merely a habitat significance 
is that expressed very cogently by Walter ( 18 ), that the habitat may not be 
equally dry even for two species growing in the same locality. Not only may 
the conditions vary considerably even within a small area ( 10 ) but conditions 
may show stratification above and below ground. 

^ The tenn xerio suggested (along with mesic and hygric — hydric is surely a misprint) by 
Cooper and Weese (3), for a copy of whose article I am indebted to Prof. Tansley, does not seem to 
offer any clear advantage. That “xerophytic habitat” is tautological may be admitted; but wo 
already have dry, arid and semi-arid from which to choose in characterising habitats. As for the 
plant, not even a xerophyte can be called xeric with strict propriety, especially if we are also to 
call the habitat xeric. Literal meanings should ijot be over-stressed; but in that case why not 
“xerophilous”? Its literal meaning is hardly a sound guide to its accepted connotation, and even 
literally it would be less objectionable as applied to animals. Xerocolous avoids the objection, but 
is a hybrid. Siccocolous is hardly euphonious, nor are mediocolous and humidocolous attractive. 
In any case, however, the terms adopted should refer to habitat and not to structure. 
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Inherent in this objection are two implications : 

(1) that the habitat which qualifies a xerophyte can or should be more 
strictly defined; 

(2) that cert&,in kinds of adaptations, e.g. a root system deep enough to 
reach underground water, should disqualify plants possessing them from being 
classed as xerophytes. 

Attempts to restrict in either of these directions the use of a term, which 
was never intended to be used in any but a very broad sense, will only lead to 
confusion, as such attempts indeed have led in the past. The progress of know- 
ledge need in no wise be hindered by the retention of convenient terms to 
cover a wide range of phenomena, even though they must necessarily remain 
loosely defined, so long as this is clearly recognised. Other terms can be found 
to embody such new distinctions as the growth of knowledge may demand. 

This line of thought is inconsistent with the exclusion of succulents from 
the category of xerophytes. Recent work has brought into greater prominence 
the differences between succulents and non-succulents, but does not necessitate 
or in itself justify confining the term to one of them. In fact, different parts of 
one and the same plant may be respectively succulent and non-succulent. The 
wisdom of excluding even ephemerals as such may be doubted, for not all 
ephemeral species can survive desert conditions. As in the case of succulents, 
exclusion would amount to discrimination against a particular mode of 
adaptation. 

The remainder, which Maximov calls ‘‘true’’ xerophytes, are still very 
diverse. The degree of sclerophylly, for example, varies very much among the 
Mediterranean type of vegetation. On the dry northern slopes of Table Moun- 
tain along with sclerophyllous and ericoid types are soft-leaved plants like 
Athanasia parviflora, the dissected leaves of which have a thin cuticle and super- 
ficial stomata and are not hairy. On the semi-arid Karroo, Galenia africana is 
neither succulent nor sclerophyll. Physiological as well as morphological 
diversities are to be expected, as Walter ( 18 , p. 104) has found in his attempts 
to classify xerophytes according to the osmotic pressure of their sap (cf. also 
H. Evans (5) on succulents). Various degrees of drought resistance, in the 
sense of resistance to lowered water content, exist among “true” xerophytes, 
correlated with differences in conductivity of wood and extent of root system 
(cf. Stefanoff and StoiCkoff ( 16 )). 

The real value of recent work lies in the wealth of detailed knowledge it 
has provided, based largely on experiment, and the clearer understanding it 
has made possible of the varied ways in which plants are enabled to survive in 
dry situations. It has also directed attention beyond the water economy to 
other important aspects of the physiology of xerophytes. 

Nothing in this contribution, it need hardly be said, is intended to belittle 
the importance of the distinctions that have been drawn, or the attempts that 
have been made to classify the new data. It has been written solely in the hope 
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of terminating an old, and now rather barren and obsolescent controversy 
regarding the use of words. 


Summary. 

It is proposed to call xeroplastic those characters which are developed under 
the influence of drought, and to retain xeromorphic ’’ for features of the shoot 
system such as distinguish the vegetation of dry localities from that of moister 
localities, without attaching to it any functional significance. Similarly it is 
proposed that “xerophyte” should not carry any particular functional or 
structural implication, but be used for plants of dry habitats, irrespective of 
their modes of adaptation to such habitats. 

Dbpartmekt or Botany, 

UNivERSiry College of N. Wales, 

Bangor. 
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The interesting and picturesque district of South Kigezi, in which I was able 
to make a short tour during April, 1929, is situated in the south-west corner of 
Uganda. It lies south of Lake Edward and north of Lake Kivu, being almost 
midway between the two. The district is bounded on the west by the Belgian 
Congo, on the south by the Belgian Mandated Ruanda Territory, and on the 
east by the Ankole district of Uganda. 



8 A Study in Altitudinal Zonation 

PHYSIOGRAPHY. 


South Kigezi is a mountainous region very little of which is less than 
6000 ft* in altitude, while much is over 7000 ft. and some ranges are 8000 ft, or 



s 

Fig. 1. Sketch map of South Kigezi, Uganda (modified from Africa sheet ~ - , Mufurabiro), 

showing mountains, lakes, bamboo forests and swamps. Heights in feet. 


more. In the extreme south-west the country is dominated by the three most 
easterly peaks of the Mufumbiro or Virunga Mountains, Mounts Muhavura 
(13,647 ft.), Mgahinga (11,400 ft.), and Sabinio (11,960 ft.), which mark the 
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boundary between Uganda and Belgian Ruanda in that district. These moun- 
tains, which are of volcanic origin, are separated from the other mountain 
ranges farther north and east by an extensive rocky lava plain which is dotted 
here and there with the cones of small extinct craters rising from one to several 
hundred feet. A number of lakes extend around the edge of this plain, among 
which are Mutanda (5877 ft.) on the north-west, Muanga (5914 ft.), slightly to 
the east, and near the southern boundary, east of Mount Muhavura, Mugishu 
and Chahafi (both 6211 ft.). East of these two lakes rises a high range of hills 
running in a north-westerly direction across the country, the highest parts of 
which are over 8000 ft. above sea-level. Beyond this are other ranges, some of 
which run almost parallel with it and are little less in altitude. Winding in and 
out between these high mountain ranges to the east is Lake Bunyoni (6474 ft.) 
the largest lake in South Kigezi. 

The country is well watered by numerous rivers, some of which are swiftly 
flowing mountain streams, though most of the larger ones are sluggish and 
sometimes spread out into papyrus-filled swamps. Most of the large ones run 
either north-westerly or south-easterly, with the exception of the River 
Ruchuru, which first runs mainly westerly before turning north in Belgian 
territory. This river is fed by the waters of Lake Bunyoni which run into it via 
the Ruhuma Swamp and Lake Mutanda. The waters from the Kigezi side of 
Mounts Muhavura, Mgahiriga and Sabinio must flow underground to the various 
lakes, as there are no important surface streams which cross the lava plains. 

AREA TRAVERSED. 

The route followed from Kabale, the administrative centre of the district, 
was south-westerly to Bufundi on Lake Bunyoni, then over a couple of high 
ridges with bamboos in the intervening valley to Behungi (8200 ft.), from 
which camp a splendid view is obtained of the Mufumbiro Mountains: next 
southwards across the rocky lava plains to Chahafi near the Belgian Ruanda 
border, and then westerly to the more fertile areas around Mabungo (6500 ft.). 
A stay of ten days was made in this vicinity during which Mount Muhavura 
was climbed and a partial ascent made of Mount Mgahinga. The return journey 
was made northwards across Lake Mutanda to Mushongero, then easterly 
across very hilly country via Nakalembe (7500 ft.) to Muko, on the north-west 
comer of Lake Bunyoni. From here a detour was made around the hills north 
of the lake to Kumba from which place the road running along the River 
Kiruruma was followed to Kabale. 


SOILS. 

The soils are mainly derived from clay rocks of the argellite series and 
correspond to the Red Loams and Immature Red Loams of Shantz and 
Marbut in the Vegetation and Soils of Africa. The soft clay rocks are often 
near the surface and in colour range through various shades of reddish brown 
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to purple and slate blue. They are especially noticeable around the edges of the 
lakes and on the hill-tops. Quartzite or sandstone rocks are very rarely seen. 
In the lava plains around Mounts Muhavura and Mgahinga the eastern portion 
near Chahafi is full of large clinker-like rocks, which are either above or very 
near the surface, so that the native cultivators have to dig them out and pile 
them in heaps in order to plant their crops. The westerly portion of the plain 
is more fertile, as the rocks are generally hidden by a rich, fertile volcanic soil, 
though in some places it is often mixed with a large proportion of very fine 
ashes resembling broken coke. 

CLIMATE. 

At lower altitudes the climate is subtropical with the temperature at night 
not dropping so low as freezing-point. In the next highest zone it may be 
termed temperate, occasional night frosts occurring and the cultivation of 
ordinary tropical crops not being successful. At higher altitudes frosts are 
more frequent and subalpine and alpine conditions prevail. Reference will be 
made to the climate of each vegetational zone under the climatic headings. 

PLANT COMMUNITIES. 

The vegetation may be divided into several zones which are roughly 
marked off from each other by increasing altitudes owing to the changes in 
climate which naturally follow on account of the increased elevation above 
sea-level. These vegetational zones have very much in common with those at 
similar altitudes on other East African mountains, and in classifying and de- 
scribing them references {Synonymy) will be given under each heading to some 
of the Vegetational Regions and Plant Communities previously described 
which are considered to be closely allied or more or less synonymous with 
those which are the subject of this paper. The term “formation” is used in 
approximately Engler’s sense. Reference to Phillips’s paper in this Journ. 
18, 219-28, will show that some of the commimities he has accepted for Tan- 
ganyika do not quite coincide with those I have recognised for Uganda. Where 
possible the community names of previous authors have been used, but it 
remains for future workers to decide,- after more detailed study, how far they 
can really be considered under the same terminology. 

I. THE EAST AFRICAN MOUNTAIN FOREST FORMATION. 

Synonymy. Subtropische Busch-, Orcts, und Hdhenwaldr^ion; Engler, 1910, 
pp. 927-28, 931-34. Der OurteluHild: Volkens, 1897, p. 296. KuUurzone: Stuhl- 
mann, 1894, p. 301. Subtropical Evergreen Forest Formation: John Phillips, 
This Journ. 18 , 1930, pp. 219-28. Mountain Forest: Chipp (in Tansley and 
Chipp, 1926, p. 208). 

This formation lies above the Tropische RegenwMregion (Engler, 1910, 
p. 928) and below the Subalpine and Alpine Region {ho. cU. p. 936). It is, 
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however, very extensive, and in order to deal with it more effectively it is here 
proposed to divide it into (1) a lower Subtropical Zone and (2) an upper Tem- 
perate Zone^ into which the vegetation most naturally falls. 

(1) The Subtropical Zone. 

This is by far the most important and extensive of the several zones and 
extends from approximately 6000 to 7500 ft. altitude. It is not only found in 
Kigezi but occurs also on Mount Elgon and on the Highlands of Kenya Colony. 
It is the area lying between the Tropical Rain Forest and the Bamboo Forest 
of Engler and other authors. It is characterised by the almost complete 
absence of palms, its lowest boundary being the highest limit reached by the 
wild date palm {Phoenix reclinata Jacq.), while the upper boundary is marked 
by the lowest fringe of the hollow-stemmed bamboo {Arundinaria alpina K. 
Schum.) or, on mountains where this is absent, by the presence of Hagenia 
ahyssinica Gmel. or Hypericum lanceolatum Lam. This subtropical zone is 
further characterised by the dominance on moist meadowlands of Pennisetum 
clandestinum Hochst. (known as “Kikuyu Grass” in Kenya Colony), a species 
now well known but probably overlooked by earlier travellers in East Africa 
on account of its very small flowers being almost concealed in the axils of the 
upper leaves and only noticeable when the long white stamen filaments, with 
yellow anthers at the tips, are extruded. In addition this zone includes the 
highest cultivated lands, as native habitations and cultivations usually cease 
at about 7500 ft. altitude. 

The climate is much less moist and humid than that of the Tropical Rain 
Forest. Such few statistics as are available for Kigezi give the average annual 
rainfall as 40 in. per annum and its range as from 35 to 45 in. To make up for 
this comparatively low rainfall, mountain mists are very prevalent and on some 
days the sim is scarcely seen at all. The rainfall is usually well distributed 
throughout the year, though there are two rather wetter and two somewhat 
drier periods, these latter being generally from the end of December to the end 
of February, and the end of June to the end of August. The temperature is 
never tropical, the day temperatures ranging from 70 to 80° F., and the night 
from 40 to 50°. As an indication of the climate it should be noted that bananas 
can be grown only in sheltered localities and below 7000 ft. altitude, and the 
same is true of Cqffea arabica L. 

The following are the largest and most important communities which make 
up this vegetative zone. 

(a) Subtropical Evergreen Forest. 

Synonymy. Hohenwald oder Nebelwald: Engler, 1910, pp. 332, 952. Der 
GuHelwald: Volkens, 1897- p. 295. Der Gebirgswald {Hohenwald): Mildbraed, 
1914, p. 623. Temperate Rain Forest: Shantz and Marbut, 1923, p. 32. Moun- 
tain Forest: Chipp (in Tansley and Chipp, 1926, p. 208). Subtropischer Ge- 
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birgswald: Mildbraed, 1914, p. 659. Subtropical Evergreen Forest: John PhilKps 
(in this JouRN. 18 , 1930, p. 225). (In each case it is the forest below the 
Bamboo Zone which is represented in this community.) 

This type of forest is intermediate between the Tropical Rain Forest and 
the Higher Temperate Rain Forest and occurs in regions where the altitude is 
too high for the former and the rainfall and humidity too low for the latter. 
The trees generally are not so large as those in the Tropical Rain Forest 
(Deutsch-Ostafrikas Regenwdlder^ Engler, 1910, p. 290) found at lower altitudes 
of from 3000 to 6000 ft., the average being about 30-40 ft. high, and from 1 to 
2 ft. in diameter. They are generally not suitable for exploitation for timber. 
The dominant trees are rather widely spaced with an abundance of smaller 
trees, bushes and shrubby growth between. Epiphytes such as algae, ferns and 
orchids are present on the trees in the moister portions but are not so frequent 
as is the case in the Higher Temperate Rain Forest. 

This Subtropical Forest is the natural climax in valleys, alongside streams 
and on the lower slopes of hills where the soil is generally deeper and more 
fertile. In the area traversed, however, this type of vegetation has suffered 
much from felling and burning to make way for the cultivated crops of the 
large native population resident in this zone. The largest forest areas which 
remain lie chiefly in the valleys running in a north-westerly direction to the 
west of Lake Bunyoni and on towards the Congo Forest Belt. 

Of the species collected or noted in this forest, many of them are not con- 
fined to this zone, but extend either into the one below or the one above, but 
they differ from them in their usually less luxuriant growth. The following lists 
are from my own personal observations and are by no means exhaustive. 

Dominant trees. 

Albizzia spp. (Legum.), including A. Sassa Maebride, tall trees with spread- 
ing crowns of dark green fern-like foliage and producing a profusion of bright 
pink or purple and white flowers. Macaranga kilirmndscharica Pax., Croton 
macrostachys Hochst., and Neoboutonia macrocalyx Pax., all moderately tall 
Euphorbiaceous trees with large palmately veined leaves and greenish or 
yellowish unattractive flowers. Ekebefgia Ruepelliana A. Rich. (Meliac.), a 
tall tree with large pinnate leaves and long racemes of greyish white flowers. 
Bersama Volkensii Gurke (Melianth.), a much similar tree but differing in the 
flowers and capsular fruit. Lannea Schimperi Engl. (Anacard.), a tree with 
showy purple-coloured young pinnate leaves, inconspicuous flowers, and small 
mango-shaped fruits. Spathodea nilotica Seem, with splendid large bright 
scarlet tulip-shaped flowers and Markhamia platycalyx Sprague with smaller 
and less decorative yellow ones, both Bignoniaceous trees with large pinnate 
leaves. Alangium begoniifolium Harms, sub-spec. A, eubegoniifolium Wan- 
gerin, a spreading tree with unequal-sided simple leaves and bright yellow 
flowers. 
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Smaller trees. 

Erythrina tomentosa R. Br. (Legum.), a widely distributed thorny tree with 
handsome bright scarlet flowers. Ficus spp., both small and large leaved 
forms. Myrianihus arboreus P. Beauv. (Morac.), a tree with digitate leaflets, re- 
sembling those of the horse-chestnut, and large edible cone-shaped fruits which 
turn yellow when ripe. Dracaena fragrans Gawl. (Liliac.), a large tree-like 
species with numerous upright and branched stems each of which is sur- 
mounted by bunches of long sword-shaped leaves and large much-branched 
panicles of sweet-scented white flowers. 

Shrubby trees and bushes. 

Abutilon spp. (Malvac.), 5-6 ft. high with large yellow flowers. Pavonia 
Schimperiana Hochst. var. tomentosa (Malvac.), a large spreading shrub with 
decorative red and purple flowers. Dalbergia lactea Vatke (Legum.), a small 
tree with pinnate leaves and lilac-purple flowers. Cassia didymobotrya Fresen 
(Legum.), a shrub or small tree with large terminal racemes of deep yellow 
flowers. Indigofera arrecta Hochst. (Legum.), the wild indigo plant with 
racemes of small red flowers. Vernonia spp. (Compos.), varying from 5 to 10 ft. 
high with flowers ranging from greyish white to purple. Galiniera coffeioides 
Del. (Rubiac.) a shrubby tree with sweet-scented white flowers and red fruits 
much resembling Robusta Coffee, especially frequent near Muko on Lake 
Bunyoni. Hymenodictyon Kurria Hochst, (Riibiac.), a small tree with leaves 
which turn red and purple shades with age. Solanum spp., shrubs from 3 to 
6 ft. or more high, with greyish white or pale blue flowers and red and yellow 
fruits, often with prickly stems. Acanthus pubescens Engl., shrub from 5 to 
10 ft. high with large spiny leaves and purple flowers, Brillantaisia Mahonii 
C. B. Clarke and Barleria ventricosa Nees, Acanthaceous shrubs from 3 to 
6 ft. high with decorative blue flowers. Clerodendron Johnstonii Oliv. (Verben.), 
a sweet-scented white-flowered liane or small tree. Lantana salviifolia Jacq. 
(Labiate.), a widespread shrub 3 to 6 ft. high with purple flowers. Coleus 
barbatus Benth. (Labiate.), a somewhat fleshy leaved shrub 5 to 8 ft. high with 
handsome deep blue flowers. Also occasional clumps of the wild banana, Musa 
Ensete Gmel., and the arborescent Lobelia Gibberoa Hemsl. 

Sub-shrubs and herbs. 

Spiny stemmed Rubus spp. (Rosac.); red-flowered Desmodium Scalpe DC. 
(Legum.); yellow-flowered Senecio, Coreopsis, Cineraria (Compos.) and Cehia 
(Scroph.); white-flowered Pentas longijlora Oliver (Rubiac.), red-flowered 
P. carnea Benth., and P. zamzibarica Vatke with deep blood-red flowers. Still 
lower the ground is covered with the Forget-me-not blue of Cynoglossum ampli- 
folium Steud. (Borag.) and C. lanceolata Forsk. ; varying shades of red and pink 
of Impatiens spp.; yellow-flowered species of Ranunculus and Brassica\ the 
fern-leaved Thalictrum rhynchocarpum Dill. & Rich. (Ranunc.); ferns such as 
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Adiantum, Asplenium and Polypodium', and shade-loving grasses such as 
Panicum adenophorum K. Schum., P. Hochstetteri Steud., Digitaria ahyssinica 
Stapf, Pennisetum trachyphyllum Pilger, and Setaria orthosticha K. Schum. 

(6) Subtropical Bush. 

Synonymy. Part of the Gebirgsbuschsteppe: Engler, 1910, pp. 327, 963. In 
Subtropische Buschregion: Engler, 1910, p. 931. Die Adhrfarn- Formation: 
Mildbraed, 1914, p. 621. The Protea-Other Species community: John Phillips, 
in this JouRN. 18 , 1930, p. 223. 

This type of vegetation generally covers the summit and higher slopes of 
the hills up to about 7000 or 7500 ft. altitude, but is also found on their lower 
slopes in some types of heavy clay soils which are subject to extremes of wet 
and cold in the rainy season, and of drought in the dry season owing to the 
soil cracking and drying out quickly. It is a sub-climax which would develop 
to Subtropical Forest were the soil conditions more favourable and fires ex- 
cluded. At present this community is fire-swept in exceptionally dry weather 
and is the one which most nearly approaches the “ Hyparrhenia-Themeda 
Fire-swept Savannah” of lower altitudes. The chief characteristics are the 
comparatively few scattered small trees between which the ground is densely 
crowded with shrubby plants and biishes 6-12 ft. high, mingled with which is 
a conspicuous undergrowth of the “Bracken Fern,” Pteridium aquilinum 
Kuhn, either growing through the bushes or occasionally forming almost 
pure stands. Tall reed-like grasses are not infrequent near the edges of the 
bushes or in clearings where they have established themselves. A list of the 
most frequent species is given below. 

Dominant trees. 

Nuxia congesta R. Br., a medium-sized Loganiaceous tree with clusters of 
white sweet-scented flowers. Bersama ahyssinica Fresen, with pinnate leaves 
and greyish white flowers like those of B. Volkensii Gurke, but much dwarfer 
and less vigorous in growth. Erythrina tomentosa R. Br., already referred to. 
Ficus spp. and Bridelia sp., a rather bushy tree with simple leaves and greenish 
yellowish flowers belonging to Euphorbiaceae. Dalbergia lactea Vatke is also 
found in this community. 

Bushes and woody shrubs. 

Dodonaea viscosa Lam., a Sapindaceous shrub or small tree having simple 
leaves and inconspicuous flowers followed by decorative purplish winged fruits. 
Philippia henguelensis Aim. and Th. Fr. jr., an Ericaceous shrub 3-6 ft. high 
with heather-like flowers and foliage. (This shrub, or an allied species, is fre- 
quently referred to by earlier writers under Ericinella Mannii Hook., which 
does not extend so far east biit is mainly a West African species.) Smithia 
aeschynomenoides Welw., a Papilionaceous shrub 3-10 ft. high with pale blue 
flowers which together with the stems and fruits are covered with viscid oil 
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glands giving off a peculiar smell. Polygala Elliotii Chodat, a shrub 2-4 ft. high 
with handsome flowers of shades of light and deep purple. Shrubby species of 
VcTYionia and Pycnostachys with blue and white flowers are also frequent. 

Dominant grasses. 

The most frequent tall reed-like species from 4 to 6 ft. or more high are 
Hyparrhenia cymbaria Stapf and H, diplandra Stapf with large panicles which 
are very showy on account of the conspicuous reddish brown spatheoles from 
which each raceme pair of spikelets arises ; Cymbopogon afronardus Stapf which 
has glaucous green slightly aromatic leaves ; and Digitaria uniglumis var. rnajor 
Stapf, whose stout culms are surmounted by much-branched dark bluish purple 
panicles. Species with more slender culms are Melinis minutijlora P. Beauv. 
with spreading viscous glandular leaves, which is known as “Molasses Grass,” 
and the strongly tufted tough-leaved Eragrostis lasiantha Stapf, a species 
which in general appearance agrees with that of Eragrostis olivacea K. Sch., so 
often referred to by earlier authors as occurring on East African mountains. 

(c) Subtropical Evergreen Scrub, 

Synonymy. Gebirgsbusch : Engler, 1910, pp. 327, 962. Included in the 
Subtropische Buschregion: Engler, 1910, p. 931. Subtropical Evergreen Scrub: 
John Phillips (in this Journ. 1930, p. 223). 

This formation is a feature of the rocky lava plains round about Chahafi 
and the foot-hills on the eastern and north-eastern side of Mount Muhavura 
where the lava rocks are either exposed or covered with only a very shallow 
layer of soil. In order to grow their crops in this locality, the natives frequently 
have to dig out the large clinker-like rocks and pile them in heaps in various 
parts of the plots. For the most part the vegetation consists of stunted forms 
of the more widely distributed and adaptable species of the trees and shrubs 
already mentioned under (a) and (6). All show a marked xeromorphic adap- 
tation to enable them to succeed in the prevailing shallow, rocky soil and to 
withstand the strong winds which sweep across the plains between the Mufum- 
biro Mountains and the Behungi Kange. Some achieve this by reduced 
and stunted growth, others by an increased hairiness or thicker and more 
leathery cuticle of the leaves, while many of them are protected by spines or 
thorns against browsing animals. Some of the latter species have been preserved 
or planted to form hedges near habitations or around cattle kraals in the more 
populous areas, which are otherwise bare of trees or bushes. These hedges 
provide some shelter from storms and also a protection against wild animals. 
The density of the scrub varies in proportion to the depth of soil overlying 
the lava rocks, being almost impenetrable where there is a good layer of soil, 
but more generally the woody plants are widely spaced and the intervening 
area is filled with a mixture of grasses, succulents, bulbous and tuberous 
rooted plants. The most frequent species noted are listed below. 
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Stunted or small trees. 

Erythrina tomentosa, Croton macrostachys, Bridelia sp., candelabra-shaped 
arborescent Euphorbia sp., Ficus spp., Grewia sp. (Tiliac.) and Gymnosporia 
senegalensis Loes (Celastrac.), a small tree with small greenish white flowers 
and leathery simple leaves almost like phyllodes in appearance. 

Bashes and shrubs. 

Species of Rhus, Capparis and Carissa, the two latter usually with spiny 
stems. Pavonia Schimperiana var. tomentosa, Vernonia spp., Solanum acule- 
astrum Dun., Coleus harbalus and Asparagus spp. 

Succulent plants. 

Species of Sansevieria, Aloe and Kalanchoe. Phytolacca dodecandra 
L’Herit., a very variable and widespread species which has long racemes of 
tiny greenish white flowers followed by red, soapy berries. Rumex abyssinicus 
var. angustisectus Engl., which has large terminal panicles of red and yellow 
flowers, is very common here, and is also met with in other parts of South 
Kigezi. 

Hedg-e plants around habitations. 

Erythrina tomentosa, Ficus spp., Solanum aculeastrum Dun., Coleus bar- 
batus. Growing among these are frequently Rumex abyssinicus var. angusti- 
sectus, Indigof era arrecta and Senecio PetitianusA. Rich., a succulent-stemmed 
climbing species. 


(d) Subtropical Moist Meadowlands. 

Synonymy. Dasfeuchte Hochweideland: Engler, 1910, pp. 332, 953. 

This community is found mainly on the richer alluvial lands of the plains 
and valleys and has been formed after the Subtropical Forest described under 
(a) has been cut down and burnt. The land has then been used for the cultiva- 
tion of food crops for a few years, following which the old cultivations have 
been abandoned and have been invaded by low-growing grasses possessing 
strong perennial rhizomes which soon formed grazing lands frequented by 
stock and thus effectually prevented any return to the natural forest climax. 
This type of vegetation is green throughout most of the year and differs from 
savannah pasture in not being fire-swept. Tufted savannah grasses are few, 
but if present they assume a more spreading and procumbent habit than they 
do on fire-swe5)t pastures. The dominant and characteristic grass is Pennisetum 
clandestinum Hochst. (Kikuyu Grass), which is now known to be one of the 
most nutritious^asses in Central and East Africa. This, together with as- 
sociated grasses listed below, makes an excellent springy short deep-green turf, 
usually varying from 3 to 6 ib. high, which provides very good feed for all 
kinds of stock. These meadows are exactly like English meadows in appear- 
ance and differ only in the species which compose them. 
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Dominant and typical grass. 

Pennisetum clandestinum Hochst. 

Co-dominant grasses. 

Andropogon ahyssinicus R. Br., with soft leaves, PeMuisetum Snowdenii 
C. B. Hubbard and Sporoholus indicus R. Br. with rather tougher foliage, are 
three grasses characteristic of this community. Those having a wider alti- 
tudinal range and commonly found in the next lowest altitudinal zone are 
Digitaria scalarum Chiov., Cynodon plectostachyus Pilger, and Eragrostis tenui- 
folia Hochst. The two former have soft thin leaves and the latter rather tough 
ones, though all are useful grasses. Digitaria scalarum^ however, is a most 
troublesome weed in cultivated lands, as the rhizomes are difficult to eradicate. 
Cynodon Dactylon Pers. and C. transvaalensis Burtt-Davy are two exotics 
formerly introduced for lawns and Rest-house compounds which are now 
naturalised and easily maintaining themselves or even becoming dominant 
grasses near roads, paths and habitations. 

Other grasses. 

Exotheca abyssinica Anders, and Setaria sphacelala Stapf and Hubbard 
(better known as Setaria aurea Hochst.), two widely distributed grasses which 
seem capable of flourishing under very variable conditions, are fairly frequent. 
Brachiaria decumbens Stapf, Setaria pallidifusca Stapf and Hubbard, Arthraxon 
Quartinianus Nash., and Rhynchelytrum roseum Stapf and Hubbard, are all 
useful widely distributed grasses, which occur here and there but may almost 
be regarded as intruders. Owing to close grazing none of the species mentioned 
exceeds 1 ft. high, except the few flowering culms which escape being eaten 
off when young. 

Plants other than grasses. 

These are almost hidden among the grasses, being mainly from 3 to 9 in. 
high, and include Oxalis corniculata L., Lobelia stellarioides Benth. and Hook., 
Trifolium, polystachyum Fres., Vida sativa Linn., Veronica abyssinica Hook. f. 
(Scroph.), Alchemilla mukuluensis De Wild (Rosac.), Linum gallicum L. var. 
abyssinicum Planch., and Geranium simense Hochst. 

{e) Subtrojncal Drier Pasturelands. 

Synonymy. Trockeneres Weideland: Bugler, 1910, p. 331. Trockenes Ge- 
birgsweideland oder Hochgebirgssteppe: Bugler, 1910, p. 964. Mountain Grass- 
land: Shantz and Marbut, 1923, p. 67. Chipp (in Tansley and Chipp, 1926, 

p. 212). 

These pastures have arisen owing to the burning and destruction of the 
Subtropical Bush and Bracken Fern Community, described under (6), in much 
the same way as the moister meadowlands arose following the destruction of 
the Subtropical Forest. This type of vegetation is found mainly on the higher 
Journ. of Ecology XXI 2 
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slopes of hills or, if lower in the valleys, where heavy clay lands are prevalent 
and the soils are less mature and not so fertile. The grasses which compose 
these pastures are essentially savannah species, often found in the next lower 
vegetational zone, and are kept dwarf owing to frequent grazing. They are 
occasionally fire-swept in the drier districts. They are generally not quite so 
nutritious as those of the moist meadowlands, being rather more woody in the 
flowering stage, but are more resistant to drought. The flowering culms range 
mostly from 3 to 5 ft. in height when mature, but are often kept much shorter 
when closely grazed. 

Dominant species. 

Hyparrhenia spp. varying with the locality and including H. filipendula 
var. pilosa Stapf, H. Lecomlei (Franch.) Stapf, H. collina Stapf, and a variety 
of H. cymharia Stapf, which is much dwarfer and weaker growing than the 
typical form. Exotheca abyssiniea Anderss. and Setaria sphacelata Stapf and 
Hubbard (better known as Setaria aurea Hochst.). Practically all of the same 
height (3-5 ft.). 

Frequent dwarfer species. 

Eragrostis chalcantha Trin., E. lasiantha Stapf, a densely tufted rather tough 
grass, and Eragrostis sp. near E. Chapelieri Nees (No. 1447), a rather stiff wiry 
grass. 

Less frequent. 

Themeda triandra Forsk. var. hispida Stapf, Microchloa indica P. Beauv., 
and Sporobolus sp. (No. 1498). 

(/) Subtropical Swamp and Aquatic Vegetalion.. 

Synonymy. Formation der gemischlen Sumpfpjlanzen in hoheren Re.gionen ; 
Engler, 1910, p. 947. Die Paprjrussiimpfe-. Mildbraed, 1914, p. 615. Swamp 
and Aquatic Vegetation: Chipp (in Tansley and Chipp, 1926, p. 213). 

The vegetation found in and near the edges of the many lakes and streams, 
at an altitude mostly from 5800 to 6500 ft., is much the same as that found 
under similar wet or swampy conditions at lower altitudes. The wild date palm 
{Phoenix reclinata Jacq.), however, which is so frequent in or near swamps and 
streams of less elevation, is very rarely seen and was observed only on the 
islands in Lake Mutanda (5877 ft. altitude). It seems probable that the alti- 
tudinal range of this palm does not exceed 6000 ft. in Uganda. 

Dominant reed-like species. 

Cyperus Papyrus L., Cladium jamaicense Crantz (Cyperac.), Typha 
australis Schum. and Thonn., and Phragmites vulgaris Crep. (Gramin.). These 
range from 5 to 15 ft. in height. They may be found either as pure dominant 
stands, or more frequently as a mixed association, either in shallow water or 
in swampy land subject to flooding. 
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Floating species. 

In fairly deep water the dominants are water-lilies of the Nymphaea stellata 
Willd. section, with large decorative flowers of varying shades of blue and 
purple, and Potamogeton jluitans Roth., which has small spikes of inconspicuous 
greenish flowers. 

Dwarf herbaceous species. 

These form separate communities in areas where the dominant species have 
not yet established themselves sufficiently to overshadow them. They are 
mainly from 2 to 6 ft. high, consisting principally of species of Cyperus, Poly- 
gonum and Ferns, especially Asplenimn and Polypodium. A creeping Cra,ssula 
near C. pentandra Schoenl. (No. 1506) is also frequent near the water’s edge in 
land kept free from high growth by grazing or cultivation. 

Dominant grasses. 

Miscanthidium violaceum (K. Schum.) Robyns, Echinochloa Crus-Pavonis 
Stapf and Pennisetum trachyphyllum Pilger. When mature these are rathei 
reed-like grasses 4 to 6 ft. or more high. The two latter provide good fodder, 
while the Miscanthidium has long much-branched decorative panicles of 
reddish purple spikelets. 

Arborescent and woody species. 

The most frequent near water or in swampy lands are : Mitragyne macro- 
phylla Hiern. (Rubiac.), a small tree which has conspicuous reddish stipules 
to the leaves and bears clusters of white flowers ; Syzygium cordatum Hochst. 
(Myrtac.) and Conopharyngia sp. (Apocyn.), both trees with simple leaves and 
white flowers; and shrubby species of Aeschynomene (Legum.) which have 
yellow flowers. Maesa lanceolata Forsk. (Myrsin.) and Erythrina tomentosa 
R. Br. are also frequent, the latter seeming capable of succeeding under most 
variable conditions ranging between extremes of moisture and drought. The 
arborescent Lobelia Gibberoa Hemsl. is abundant in some areas, particularly 
near Kumba, where it is associated with the Syzygium and Conopharyngia 
already mentioned. Phoenix reclinata Jacq. is rare. 

(2) The Temperate Zone. 

This covers that part of Engler’s Hohenwaldregion which lies immediately 
below the same author’s Subalpine and Alpine Region and ranges between the 
approximate altitudes of 7500-10,000 ft. In Kigezi it is comparatively small 
in extent and is confined to two localities, one being situated on and between 
the two high mountain ridges which separate Lake Bunyoni from the Bufum- 
bira plains, and the other on the Mufumbiro Range itself. 

The climate of this zone is much cooler and more temperate than that of 
the Subtropical Zone. There are no records available with regard to the tem- 
perature and rainfall, but there is evidence in the vegetation of much lower 

• 2-2 
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temperatures and a higher humidity than is met with in the zone below. The 
rainfall is approximately the same, but mountain mists are more frequent and 
dense so that there is much less sunlight. As an indication of the climate it 
should be noted that the ordinary tropical crops such as maize, sorghum, millet, 
sweet potatoes, yams, bananas, etc., cannot be successfully grown in this zone. 
Peas {Pisum sativum L.) can be grown in parts, but natives very rarely 
cultivate any crops at this altitude though they herd their stock up to 8000 
or 9000 ft. 

The hollow-stemmed bamboo {Arundinaria alpina K. Schum.) is one of 
the chief characteristic features of this zone, the temperate nature of which is 
indicated by the appearance here and there of occasional clumps of Erica 
arborea L. and Hypericum lanceolatum Lam., and representatives of temperate 
genera of grasses such as Bromus, Festuca, Calamagrostis and Avenastrum. 
Mosses and lichens are very frequent on trees and also on the ground. The most 
characteristic tree is Hagenia abyssinica Gmel. Whereas Juniperus procera 
Hochst. and Podocarpus spp. do not occur in Kigezi, they are found in this type 
of plant formation on many other mountains of East Tropical Africa. There 
are a number of communities in this zone, the most important of which are 
given below. 


{a) Bamboo and Temperate Forest. 

Synonymy. Bambuswald und Hokenwald oder Nebelivald: Engler, 1910, 
pp. 952, 953. Der Bambusbestand und eigentliche Hohenwald: Engler, 1910, 
p. 364. Bambusbestdnde: Mildbraed, 1914, pp. 643, 646. Laubwald mit Bam- 
busgrasern; Bambusmischwald: Mildbraed, 1914, pp. 659, 660. 

This is the climax community in this zone wherever the soil is sufficiently 
deep and mature. It may consist of a mixed association of bamboos and forest 
trees; the bamboos may form pure stands, or they may be absent from some 
areas. This would appear to be mainly due to differences in the composition 
of the soils. The bamboos thrive best in deep soils rich in humus which allow 
their thick rhizomes to spread freely. The Temperate Forest trees can thrive 
where the soil conditions are not quite so good but of sufficient depth. In both 
cases there is a closed canopy above. 

Dominant. 

Arundinaria alpina K. Schum., a hollow-stemmed bamboo, reaching 
40 ft. or more in height under favourable conditions, which is widely distributed 
on East African moimtains between 7600 and 10,000 ft. altitude. It is almost 
absent from Mount Muhavura, as the lava rocks are so near the surface on that 
mountain, but occurs on the adjacent slopes of Mgahinga and Sabinio where 
the soil is deeper. Hagenia abyssinica Gmel., a large tree belonging to the 
Rosaceae, which has long pinnate leaves and large grape-like pendant branches 
of papery pinkish flowers. Dombeya Uucoderma K. Schum., a Sterculiaceous 
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tree 20-40 ft. high, with large white flowers. Hypericum lanceolatum Lam., a 
large shrub or small tree with large handsome yellow flowers. 

Frequent. 

Nuxia congesta R. Br. and species of Croton, Macaranga, Neobutonia and 
Lannea occur here and there in some parts of the Bamboo Forest up to 8000 
or 9000 ft. altitude. Smaller trees and woody shrubs are Rhamnus prinoides 
L’Herit., a small tree with yellowish green flowers; Dracaena rejlexa Lam. var. 
nitens Baker; Pycnostachys sp. near P. Volkensii Gurke (No. 1582), a small 
shrubby Labiate tree with decorative bluish purple flowers; Myrica arborea 
Hutch., a small tree with inconspicuous greenish flowers dotted with tiny 
yellow sweet-scented oil glands; Agauria salicifolia Hook., a low Ericaceous 
tree with small greenish flowers. Erica arborea L., with its pretty purple and 
white flowers, is also frequent, but is more characteristic of the Heath or 
Subalpine Zone. 

{h) Temperate Bush. 

Synonymy, Hochgebirgsbusch zwischen und vber den Hohenwaldern : Engler, 
1910, IX 953.' 

Where the rocks are too near the surface and the soil too shallow to support 
the Bamboo and Temperate Forest, the vegetation is reduced to shrubby trees 
or bushes scattered here and there, with the spaces between filled in with sub- 
shrubs, herbs, grasses, or bulbous plants. A similar type of vegetation is found 
near the edges of the forest and in open clearings. 

Dominant shrubby trees. 

Myrica arborea Hutch., Agauria salicifolia Hook., Erica arborea L., 
Rhamnus prinoides L’Herit., Pycnostachys sp. 

Frequent shrubs. 

Hibiscus diversifolius Jacq., with thorny stems and decorative dark-purple 
flowers. Sparmannia abyssinica Hochst. (Tiliac.), flowers pink. Crotalaria 
agatijlora Schweinf. (Legum.), with large yellow flowers. Tephrosia atro- 
violacea Bak. f. (Legum.), with blue flowers. Cluytia abyssinica Jaub. and 
Spach. (Euphorb.). 

Herbaceous perennials. 

Kniphofia Thomsoni Baker (Liliac.), with tall spikes of decorative red and 
yellow flowers ; Gladiolus Quartinianus A. Rich. (Iridac.), with large handsome 
spikes of salmon-pink flowers; Aristea alala Baker (Iridac.), a smaller plant 
with blue flowers; and Satyrium sacculatum Rolfe, a terrestrial orchid with 
bright red flowers, are the most frequent of tuberous rooted species. Common 
suffruticose species include the decorative, yellow-flowered Cineraria Kili- 
mandscharica Engl. (Compos.); the scandeiit, prickly stemmed Dipsacus pin- 
natijidus Linn., with spherical heads of white flowers and fruits resembling the 
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common ‘‘Teasel”; the handsome yellow-flowered Celsia densifoUa Hook, f, 
(Scroph.); the aromatic-leaved, blue-flowered Calamintha simensis Benth. 
(Labiate) and Salvia nilotica Vahl (Labiate); and a Justicia sp. (No. 1587) 
near J. leptocarpa Lindau (Acanthac.), which has small white flowers with 
reddish purple stripes. Still smaller herbs common among the bushes are 
Parochetus communis Buch. Ham. (Legum.) and Viola ahyssinica Steud. with 
blue flowers, the tiny white-flowered Cerastium africanum Oliv. (Caryoph.), 
and the scandent Laihyrus intricatus Baker (Legum.) with yellow flowers. 

(c) Temperate Swamp and Bog Vegetation. 

Synonymy. Part of the Formation der gemischten Sumpfpjlanzen in hoheren 
Regionen: Engler, 1910, p. 948 (near the Subalpine Region). 

In very wet or boggy lands in the Temperate Zone peat-loving plants form 
a distinct community. The most noteworthy example in Kigezi is that formed 
in the peaty swamp-like depression between the Behungi Ridge and the one 
nearer to Lake Bunyoni. The dominants are species of shrubby Helichrysum, 
arborescent Lobelia, tall Kniphofia, together with species of Eriocaulon, 
Ranunculus, Cynoglossum and Plantago. Only a few representatives are listed 
below, many not being in flower at the time of my visit. 

Species noted. 

Helichrysum elegantissimum Less. (Compos.), a small shrub with decorative 
white flowers. H. declinatum Less., a procumbent species with small white 
flowers. Lobelia Mildbraedii Engl., a tall arborescent species with spikes of 
blue flowers, which latter are almost hidden by the green bracts, Kniphofia 
zombensis Baker, with tall spikes of handsome red and yellow flowers like 
K. Thomsoni Baker, Eriocaulon Schimperi Koernicke, with white flowers. A 
densely tufted grass Pennisetum sp. (No. 1454) near P. Snowdenii C. E. Hub- 
bard, which has purplish spike-like racemes. Ranunculus pinnatus Poir, with 
yellow flowers. Cynoglossum amplifolium Steud. Plantago palmata Hook. f. 

{d) Temperate Grasslands. 

Synonymy. Bergwiesen: Mildbraed, 1914, p. 646. 

Where neither forest nor bush have been able to establish themselves owing 
to the presence of rocks near the surface, or have been cut down for house- 
building and fuel and unable to re-establish themselves on account of browsing 
animals, grasslands often cover a considerable area. The grasses frequenting 
these open lands and clearings in the forest have more in common with those 
of more temperate countries than those dealt with in the Subtropical Zone. 
They are also not fire-swept and are not kept so closely grazed, hence they do 
not form short turf but are generally tufted species 1 ft. or more high with the 
fibrous remains of the previous seasons growth clustered around the base. A 
few of the subtropical moist meadow grasses form the lower ground covering 
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between these tufts up to 8000 ft. altitude. Ground mosses are also frequent, 
especially Oampylopus Hoehnelii (C.M.) Par. 

Dominant tufted species in open lands. 

CalanKigrostis epigeios (L.) Roth., a strongly tufted leafy grass 2-3 ft. high. 
Avenastrum sp. (Nos. 1473, 1608), probably A, lacnanthum (Hochst.) Pilger and 
Festn^ca sp. (No. 1606) near F. gigantea (L.) Vill., both fairly leafy grasses of 
the same height. A strong-growing form of Sporoholus indicus R. Br., a rather 
tough but fairly leafy grass. Hyparrhenia nu)hukensu Chiov., a slender-culmed 
grass covering a large area on Mount Muhavura and kept low by fairly frequent 
grazing by stock. Two coarser strongly tufted grasses are Andropogon ame- 
thystinus Steud., especially prevalent at higher altitudes, and Pennisetum sp. 
(No. 1454) near P. Snowdenii C. E. Hubbard. For fodder these two grasses 
would need frequent cutting to ensure young growth. Less leafy and bulky, 
though softer grasses are Poa perlaxa Pilger, P. leptoclada Hochst., Agrostis 
Schimperiana Hochst. and Festuca sp. (No. 1459) near F. Cammiana St Yves, 
which vary from 1 to 3 or 4 ft. high. A less frequent strongly tufted grass is 
Eleusine Jaegeri Pilger. 

Species frequent near bushes and trees. 

Bromus runssoroensis K. Schum., a strong-growing leafy grass 2-3 ft. high. 
Brachypodiurn Jlexum Nees, Ehrharta erecta Lam. var. abyssinica Pilger, 
Agrostis sp. (No. 1488) and a Panicum sp. (No. 1491) near P. calvum Stapf, all 
of which are fairly leafy grasses from 1 to 3 ft. high. Two weak-culmed grasses 
sometimes trailing over bushes are Hyparrhenia rnobukensis Chiov. and 
Acritochaete Volkensii Pilger. 

Sufiruticose herbs among the grasses. 

Cra7nbe hispanica L, (Crucif.) with white flowers. Helichrysum globosuin 
Sch. Bip., H . fruticosmn Vatke, Conyza sp. (No. 1538) near C, Gouanii Willd., 
Senecio ruwenzoriensis S. Moore, and S, HochsteUeri Sch. Bip., all Compositae 
from 1 to 3 ft. high and having yellow flowers. A frequent aromatic Labiate 
shrub, 1-2 ft. high, with blue flowers, is Micromeria biflora Benth. 

Small herbs almost hidden in the grasses. 

Cerastium viscosum L. (Caryoph.) and Cardamine hirsuia L. (Crucif.), both 
with small white flowers. Galimn Aparine L. (Rubiac.) and Galium sp. 
(No. 1529), with tiny greenish yellow flowers. Mariscus sp. (No. 1532, Cyperac.). 

II. THE EAST AFRICAN MOUNTAIN SURALPINE AND ALPINE FORMATION. 

Synonymy, Subalpine and alpine FormcUionen Ostafrikas: Engler, 1910, 

p. 341. 

This formation occurs above the limit of the Temperate Forest and extends 
from approximately 10,000 ft. up to the uppermost limit of plant growth. As 
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there is a considerable difference in the vegetation of the lower and upper part 
of this formation, especially as regards the height and luxuriance of growth, 
I think it best to divide it into two zones (1) Subalpine and (2) Alpine. 

(1) Subalpine Zone. 

Synonymy, Subalpine Formation Ostafrikas: Engler, 1910, pp. 341-2, in- 
cludes the area up to a height of 3500 m. Part of the Bergwiesen: Volkens, 
1897, p. 306. Formation der Ericacee/n oder Subalpine Strducher and Die Senecio- 
Formation: Mildbraed, 1914, pp. 639, 644-5, 647-8. Stuhlmann’s Region der 
Formation der baumartigen Senecionen, Schaftlobelien und Helichrysumsirducher : 
Mildbraed, 1914, p. 664. Hochmoor mil Ericawald (3200-3800 m.), mil Lobelien 
und Sentcien: Stuhlmann with Emin Pascha, 1894, p. 300. 

This zone extends from approximately 10,000 to 12,000 ft. altitude on the 
Mufumbiro Range of South Kigezi. The climate is much colder than that 
of the Temperate Zone and night frosts are not infrequent. There is very little 
bright sunlight and the vegetation is frequently enshrouded in dense mists or 
in their absence exposed to strong cold winds or icy-cold rains. It is marked 
by the cessation of bamboos and trees, the increasing number of shrubs of 
Erica arborea sometimes associated with Pkilippia Johnstonii Engl. (Ericaceae) 
and arborescent Lobelias which here include L, Wollastonii Bak. f. together with 
Tree Senecios, S. Erici-Rosenii R. E. and Th. C. E. Fries being the dominant 
species. Areas not occupied by such shrubby species as the above are covered 
mainly with a mixture of mosses, grasses and species of Helichrysum. This zone 
may be divided into several smaller communities but as many species were not 
in season at the time of my visit the lists are by no means complete. 

(a) Arborescent Senecio and Lobelia Community, 

Synonymy, Oberste Schopfbaumformation: Engler, 1910, p. 965. Senecio- 
Formation: Mildbraed, pp. 644-5, 648. Baumformige Senecien und Lobelien: 
Stuhlmann, 1894, p. 300. 

The arborescent Senecios and Lobelias are often grouped together in a mixed 
association forming the climax community in valleys and hollows where the 
soil is deeper and richer. The former are often so close as to form a covered 
canopy above and in such places reach up to 20 or even 30 ft. in height, so that 
they form a miniature forest, with their tree-like branches festooned with thick 
mosses. In exposed places and shallow soils they are more scattered and more 
dwarf. Occasional trees of Myrica arborea, Agauria salicifolia and Hagenia 
abyssinica are found in this community at lower altitudes up to about 11,000 ft. 

Dominant species. 

Senecio Erici-Rosenii R. B. and Th. C. E. Pries (Compos.), from 12 to 20 ft., 
rarely 30 ft. high, flowers yellow on large compound racemes 1-2 ft. long. 
Lobelia Wollastonii Bak. f. with long flowering spikes which reach from 5 to 
15 ft. high. 
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Other species. 

Helichrysum Newii 0. and H., a low shrub up to 1 J ft. high, outer florets 
white, mostly curved over and hiding the yellow central florets. Peucedanum 
runssoricum Engl., an Umbelliferous plant 3-4 ft. high with greenish yellow 
flowers. Senecio subsessilis Sch. Bip., 3-4 ft. high, flowers yellow, in heads 
about 1 J in. across. 

(b) Subalpine Bush. 

Synonymy. Oberste Buschgeholze steinigen Bodens: Engler, 1910, p. 965. 
Ericaceen oder subalpine Straucher : Mildbraed, 1914, pp. 644, 647, 649. 

On exposed slopes, where there is only a shallow layer of soil and the rocks 
often appear above the surface, the vegetation is reduced to low shrubs and 
bushes, mainly of Erica and Philippia, with stunted trees of Myrica arborea 
and Agauria salicifolia or occasionally Hagenia abyssinica at the lower alti- 
tudes. The ground in between the bushes is covered with grasses, mosses and 
herbaceous plants. 

Dominant species. 

Erica> arborea L., Philippia spp., Helichrysum spp. 

(c) Subalpine Meadows and Moorland. 

Synonymy. Oberste alpine Bergwiesen: Engler, 1910, p. 965. Hochmoor: 
Stuhlmann, 1894, p, 300. Die Heidemoore: Mildbraed, p. 627. Bergwiesen 
(partly) : Volkens, 1897, p. 306. Alpine Meadotvs (partly) : Shantz and Marbut, 
1923, p. 67. 

This occupies the areas where the arborescent and bush species have not 
yet been able to establish themselves owing to unfavourable substratum or ex- 
posure. On Mount Muhavura Andropogon ameihystinus Steud. is the dominant 
species up to about 11,000 ft. on shallow soils overlying lava rocks, many of 
which are exposed above the surface and entirely bare of vegetation except for 
a few lichens. This grass forms pure stands covering large areas, its dense tufts 
rising 2-3 ft. high and its rootstocks are raised from 6 to 9 in. above the general 
level of the ground, making walking very difficult. Above 11,000 ft. the ground 
covering is largely composed of thick sphagnum-like mosses which are very 
treacherous to walk upon, as sometimes one’s foot sinks down unexpectedly 
into a hidden hole or crevice 1 or 2 ft. below the general surface. The few 
grasses which occur are closely related to European species and have either 
rolled or narrow leaves. Species of Alchemilla form a carpet of silvery leaves 
covering large stretches of ground here and there among the mosses. 

Dominant species. 

Grasses: Andropogon ameihystinus Steud., Festuca abyssinica Hochst., with 
very slender, mostly rolled leaves. Poa sp. (No. 1480) with flat, wider, but still 
narrow, leaves. 
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Mosses: Braunia secunda (Hook.) Bry. eur., Polytrichum Hoehnelii (C.M.). 
Par., P. piliferum Schreb., and Rhucomitrium hypnoides (L.) Lindb. Frequent 
flowering plants associated with these are Alchemilla aberdarensis De Willd., 
with silvery leaves and tiny yellow flowers. Helichrysum Newii 0, and H., a 
low shrub with white ray and yellow tubular florets, already mentioned. 

(2) Alpine Zone. 

Synonymy, Alpine Formation Ostafrikas : Engler, 1910, p. 342, includes the 
area above 3500 m. Oberste alpine Bergiviesen : Engler, 1910, p. 965, the upper 
part only. Die Bryophyten-V egetation und Alpine Moore: Mildbraed, 1914, 
pp. 645-6. Trockenes Moos und Flechten mil kleinem Gestrauch und Baum- 
f6rmige7i Senecien und Lobelien: Stuhlman, 1894, p. 300. Mildbraed, 1914, 
pp. 657, 664-5. 

This is the highest vegetational zone. On the East African mountains it 
extends from about 12,000 ft. up to the limit of plant growth in the region of 
perpetual snow and ice. The night temperature is often below freezing-point. 
During the short time I was in this zone on Mount Muhavura the temperature 
about noon varied between 40 and 50^ F. The sun was obscured by mist 
practically the whole time, and the higher temperatures were recorded when 
it was least dense. Night temperatures must be considerably lower. In South 
Kigezi this zone is found only on Mount Muhavura, where it extends from 
12,000 ft. to the summit, 13,547 ft. There is no permanent ice or snow' on this 
mountain as it is not sufficiently high. The alpine flora is comparatively poor 
in species, unless my visit was at an unfavourable time. Near the summit there 
is a small, almost circular, crater lake, about 100 yards across, but this appeared 
to be quite clear of vegetation. Mosses and Alchemilla with a few grasses form 
the principal ground covering, while the arborescent Senecio alticola Th. Fries 
and Lobelia Wollastonii Bak. f. are the two dominant species rising above this, 
the latter occurring mainly up to 12,500 ft. and not reaching to the summit. 

The following are the species noted : 

Senecio alticola Th. Fries at lower altitudes may attain as much as 10 ft. in 
height, but at the summit rarely exceeds 5 ft. : the leaves are densely covered 
with white woolly hair, the flower heads are yellow, about 1 in. across, and the 
inflorescence is much branched and 1-2 ft. or more long. Lobelia Wollastonii 
Bak. i,, Alchemilla aberdarensisDe Willd,, Helichrysum Newii 0. and lA,,Swertia 
crassiuscula Gilg., a tiny Gentian with blue flowers. Luzula Volkensii Bucher. 
The few grassy which were noted in this zone include Festuca abyssinica 
Hochst., Deschampsia ruwenzorensis Chiov., Anthoxanthum nivale K. Schum., 
and a Poa sp. (No. 1481), the two former having rolled leaves and the two 
latter flat narrow ones. None, of them exceeds 1 ft. in height. The mosses ex- 
tending up to the summit include Stereodon cupressiformis (L.) Brid., and 
Breutelia subgnaphalea (C.M.) Par. Lichens were frequently encrusted on 
exposed rocks, but their names were not determined. 




Phot. 2. Bufuiidi Camp, with rest-liousc, tree Kupliorbias, small trees of Markliaiiiia platycalyx, 
and Acacia decurrcns “Black Wattle “ (introduced). Cyuodon Dactylon and C. iyansvaalcasis 
(both naturalised), Digitaria scatare and Chloris pycnothrix form the lawn. 
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Phot. 5. Mt Miihaviira, showing summit clear and faint track up 
to it. Temperate grasslands below with cattle grazing and a large 
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During the course of the tour specimens of most of the plants cited in the 
text above were collected and forwarded to the Royal Botanic Gardens, Kew, 
for the purpose of identification. I take this opportunity of recording my ap- 
preciation of the help received from the Director and his Staff, especially the 
Keeper of the Herbarium and his assistants, for so kindly identifying the 
material, comprising over two hundred numbers, mostly distinct species, a set 
of which has now been deposited in the Herbarium, Kew. The numbers given 
in brackets refer to those specimens in cases where specific determination is 
not yet available. I have also to thank Dr W. B. Turrill for some helpful 
suggestions in reference to this paper. 

SUMMARY. 

1. The purpose of this article is to ree:ord the author’s observations on the 
vegetation of South Kigezi as a contribution which may be helpful to others 
who may be able to make a more detailed study of the flora. 

2. The locality, physiography, area traversed, soils and climate are briefly 
mentioned. 

3. The vegetation is divided into two main formations, the Subtropical 
Formation and the Subalpine and Alpine Formation. 

4. These two formations are each subdivided into two separate zones. The 
former into the Subtropical and Temperate Zones, and the latter into the 
Subalpine and Alpine Zones. 

5. The climatic and vegetative features of each zone are briefly dealt with 
and the most important communities are described, lists of species with notes 
being given. 

6. In each zone, special attention is given to meadow, pasture, and grass- 
land communities, as these cover the largest area and are uf particular economic 
importance. 
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THE VEGETATION OF MPWAPWA, TANGANYIKA 

TERRITORY 

By P. J. greenway. 

Botanist, East African Agricultural Research Station, Amani, 
Tanganyika Territory. 

{With Plates III-VI and three Figures in Text.) 

Introduction. 

Mpwapwa lies about twelve miles north of Gulwe Station on the Central Line 
on the eastern borders of the Central Province, Tanganyika Territory and at 
the western foot of the Usagara Mountains. 

According to German records its position is given as longitude 36° 23' E. 
of Greenwich and latitude 6° 21' S., but it is not certain if this reading applied 
to the German Administrative Post, now a ruin, or to the headquarters of 
their Veterinary Research Department, the present headquarters of the De- 
partment of Veterinary Science and Animal Husbandry for Tanganyika 
Territory. 


Topography. 

• 

Gulwe is about 2500 ft. above sea-level and one gradually ascends to about 
3500 ft. at Kikombo a little to the north of Mpwapwa, where the headquarters 
of the Veterinary Department are situated and the main area with which this 
paper is concerned (see map). 

Kikombo is more or less surrounded by steep-sided rocky hills, the highest 
of which, the Kibariani Range, to the north-east attains a height of 6100 ft. 
The area is intersected by a number of watercourses, only four of which contain 
water in their upper reaches at the end of the dry season. 

On the west these hills appear to be separated from the adjoining hilly 
country by a very wide valley, through which the Kinyasungwi River passes 
in a very ill-defined channel. 

Geology of the Area^. 

“ This mountain mass and the Usagara and Uluguru Mountains are members 
of the same rock formation, namely the ancient Crystalline Complex. The rocks 
examined were mainly biotite gneisses and injected quartz interfoliated with 
the gneisses. The biotite gneisses vary in composition from a soft variety 

^ Extract from a MS. Report on Mpwapwa Water Supply by T. B. Wade, Senior Assistant 
Geologist, Tanganyika Territory, dated August 14th, 1928, in the records of the Veterinary 
Department. 
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composed almost entirely of biotite with a little quartz and felspar to a hard 
more quartzose rock containing only specks of biotite. The former soft rock 
seems to be the water-bearing formation, and the latter with pure quartz 
injections provides the impervious formation to which is attributed the 
existence of most of the springs. 

“The strike of the gneisses varies from 305 to 320° and the dip to the south- 
west varies from nearly vertical to 65°. ” 

Soils. 

The soils in the area are extraordinarily variable. In colour they range from 
grey, almost white, through blacks, browns and yellows, to a very bright red. 

On the hills and moimtain slopes they are very stony, often extremely 
shallow, ranging through the yellows and browns and appear to contain very 
little humus. 

On the more gentle slopes and in the valleys the greys,, blacks, and reds are 
represented. 

The greys are generally sandy and occur in the stream beds and along their 
banks. They contain to a certain extent small rounded stones and a little 
humus. 

The blacks are heavy and occur as irregular bands or patches on slopes, 
like the reds. The former in sections contain scattered boulders and after rains 
appear to dry out with a certain amount of cracking. These bands of black 
soils may indicate the positions of old erosion channels and stream beds which 
have become filled up with soil washed down from the mountain slopes during 
past times. 

The red soils range from a brownish red to a very bright red, they contain 
small irregular-shaped stones, are somewhat clayey and appear to be formed 
in situ and contain very little humus. 

The humus content of the soils in the whole area is very low. This, no doubt, 
is due to the activities of white ants, as they are very abundant. 

The whole area is broken by deep wet-season watercourses, and in places 
where the vegetation has been removed erosion channels have formed and aie 
forming on the gentlest of slopes. In these, good soil profiles can be seen and 
in their lower reaches the soil appears to be very deep and of a fairly uniform 
colour and texture throughout. 


Climate. 

The climate is dry; the coolest month of the year is July, the hottest 
February, but according to German records, November was the hottest. 

The annual rainfall appears to be somewhat variable ; during the period 
1911-12 and 1926-8 the maximum annual rainfall was 44'70in. in 1927 and 
the minim um 19*93 in. in 1928. The same applies to the monthly rainfall, but 
if the average is taken February with 5*7 in. is the wettest for 1911-13 and 
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1926-8. March for the same period runs it very close with 5*6 in. but June to 
October are practically rainless for an average of 6-7 years. 


Temperatures^. 

1927 1928 





Max. 

Min. 

Shade max. Shade min. 

Sun 



Month 


°C. 


°C. 


°C. 

°C. 



January 


32-5 

14-6 

34 


13 

71 



February 


340 

13-0 

35 


13 

71 



March 


32-5 

15-0 

31 


14 

72 



April 


30-0 

14-0 

29 


15 

70 



May 


28-5 

14-0 

30 


16 

65 



June 


28-5 

13-0 

28 


13 

65 



July 


20-5 

120 

27 


8 

02 



August 


28-0 

11-5 

28 


10 

07 



September 

29-5 

11-0 

31 


10 

70 



October 


31-0 

12 0 

34 


9 

06 



November 

33-0 

120 

32 


12 

00 



December 


33-0 

15-0 

32 


12 

08 


1 

Annual Reports: 

Department of Veterinary Scienm and Animal Husbandry, Tanganyika 


Territory, 1927. 













Rainfall^. 














Monthly averages 




Year 

A 



Total 

for number of year 

Month 

1910 

1911 

1912 1913 

1920 1927 1928 

mm. 

in. 

mm. in. 


JanuaTy 

— 

77-7 

04-8 124-0 

190-3 201-8 01-8 

721-0 

28-34 

120-10 4-73 

Six 

February 

. — 

08-1 

325-6 101-0 

140-0 132 

8 80-2 

860-3 

33-87 

143-38 5-64 

„ 

March 

— 

139-1 

148-4 215-3 

28-0 162-0 157-8 

851-2 

33-51 

141-80 5-58 

,, 

April 

45-7 

()00 

05-4 115-9 

52-6 ,302-4 31-0 

073-0 

20-52 

96-22 3-77 

Seven 

May 

6-8 

22-7 

1-1 29-0 

9 8 1 18- 

5 52-2 

240-1 

9-45 

34-30 1-35 

99 

Juno 

Nil 

1-2 

Nil Nil 

Nil Nil 

.3-0 

4-2 

0-16 

0-00 0-02 

99 

July 

0-6 

1-0 

Nil Nil 

Nil Nil 

Nil 

1-0 

0-00 

0-22 Trace 

99 

August 

Nil 

Nil 

Nil Nil 

2-8 Nil 

Nil 

2-8 

0-11 

0-40 0-01 

99 

September 

Nil 

Trace 

Nil Nil 

10-8 Nil 

Nil 

10-8 

0-42 

1-54 0-06 


October 

0-2 

21 

Nil 

5-6 0- 

2 24-2 

32-3 

1-27 

5-38 0-21 

Six 

November 

22-7 

200-0 

4-4 — 

7-4 10- 

2 20-2 

270-9 

10-9 

40-15 1-8 


December 

120-9 

75-0 

149-2 

1.30-2 207-8 06-0 

749-1 

29-09 

124 83 4-9 

99 



052 9 

758-9 — 

584-7 1141-7 503 0 

mm. 




1 ouBiIh 

/ — 

25-7 

29-87 — 

23-02 44-94 19 8 

in. 





^ Beilage zum Pjianzery 1, 3, 4, 12 (1911), 2, 5, 7, 10 (1912); V ierteljahre^bericht der Kaiser lichen UauptwetUr- 
rvarte. Deutsch Osf-Afrika, 2, 3, 4 (1912), 1, 2, 3 (1913); and Annual Rejxyrt^ : Dejmrtmenl of Veterinary Science 
and Animal Husbandry, Tanganyika Territory, 1927 and 1928. The — indicates no records. 


According to an appendix in Der PJlanzer, 8, No. 6 of 1912, a reprint from 
Aushinft liber Deutsch Ost-Afrika fur Ansiedler und Reisender, meteorological 
records had been made at Mpwapwa for nine years, but the above table has 
been compiled from all the records in the Amani Library, the reprint only 
giving monthly and yearly averages for the nine-year period. 

It will be seen from the above table and chart (Fig. 2) that there is only 
one rainy season and the heaviest falls (over 4 in.) occur in the months 
December to April. 

Fauna. 

The area is not rich in game, there are lions, leopards, a few buffalo, and 
antelope of various kinds. Birds of various kinds are plentiful. 
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Native Population. 

In the Kikombo Area the native population is not encouraged to settle for 
animal quarantine reasons, but around Mpwapwa there are numerous scattered 
settlements of Wagogo and a very few Wanyamwezi. 

MPWAPWA T.T. 

TEMPERATURES 


MONTHS 

to it iz 



Fio. 2. 


CENTIMETRES 
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The Wagogo are mixed agriculturalists owning herds of cattle, sheep and 
goats and practising shifting cultivation. On account of the former their 
settlements are restricted to the proximity of water, although a journey of 
three or four hours to water in the dry season is not considered too far. 

They build long rectangular huts of wattle and daub with flat roofs upon 
which the produce from their fields is often stored. 

Their cattle are penned at night in enclosures made of the stems of Com- 
miphora spp. or Euphorbia Tirucalli L., which form a living barrier, or they are 
herded in the court around the three sides of which their hut walls form the 
barrier, the fourth side being protected by a similar living stockade with a very 
narrow entrance or exit through which only one animal can pass at a time. 

The Vegetation of the Area. 

The description of the vegetation of Mpwapwa is based on field notes and 
specimens of which 112 numbers were collected in triplicate, together with 
others collected by Mr and Mrs H. E. Hornby of the Veterinary Department. 

The specimens were preliminarily determined by myself in the Amani 
Herbarium and the following systematic works were used : 

Oliver, D. and others. Flora of Tropical Africa (1868- ). 

Thonner, Fr., Flowering Plants of Africa (1915). 

Baker, E. G., Leguminosae of Tropical Africa, Parts 1-3 (1926-30). 

My thanks are due to the Director and the staff of the African section of 
the Herbarium, Royal Botanic Gardens, Kew, for kindly verifying my deter- 
minations and for additional identifications ; also to Mr W. Exell of the British 
Museum (Natural History) for naming the Combretums and to Mr C. E. 
Hubbard of Kew for specific determinations of the grasses. 

The specimens are available for reference at the Herbarium of the East 
African Agricultural Research Station, Amani, Tanganyika Territory, the 
Herbarium, Royal Botanic Gardens, Kew, and at the Department of Veterinary 
Science and Animal Husbandry, Mpwapwa, Tanganyika Territory. 

As the area has a dry climate with a somewhat variable but low annual 
rainfall the vegetation is distinctly xerophytic. 

Only tw'O formations are present, the Deciduous Scrjib Formation^ with 
Cultivated areas in the formation and a very poor type of Subtropical Evergreen 
Forest, The former is common to the whole area and its plant communities are 
extremely varied. Of the Subtropical Evergreen Forest a small area occurs on 
the northern slopes of the Kibariani Mountains. 

The observations on these two formations were made during the latter end 
of August, 1930, from the 16th to Slst, in a rainless month when very little of 
the vegetation was in leaf. No doubt during the “rains” the whole facies of 
the vegetation changes, and numerous annual herbs and bulbous and tuberous- 

^ Phillips, J., “ Vegetation Communities in Tanganyika Territory.” This Journ. 18, No. 2, 
201 (1930). 
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rooted plants of short duration would be in full growth. These were not seen 
and have therefore not been recorded in this paper. 

The Deciduous Sceub Formation. 

On leaving Gulwe Station for Mpwapwa one passes for about ten miles 
through a very dense comniunity of Commiphora-Cordyla africana Lour, with 
numerous scattered Baobabs, Adansonia digitata L. 

The Baobabs attain a height of 60 ft. with an immense girth, the others 
are 30-40 ft. tall, much-branched, bushy trees with hardly any bole develop- 
ment, forming dense stands. Of perennial grasses there appeared to be none, 
but annual species of Aristida and Eragrostis were frequent. Other plants in 
this community were Balanites tomentosa Mildbraed and Schlecht., Delonix 
elata Gamble, Cassia spp., a succulent spiny Euphorbia forming mats on rocks, 
two other species of succulent Euphorbia with sub-simple stems attaining a 
height of 6 ft. and an occasional candelabra Euphorbia with a dense rounded 
crown, also Strophanthus Eminii Aschers. ex Pax (frequent), Grewia spp., 
Marsdenia sp. (frequent), Ziziphus mucronata Willd., Z. Jujuba Lam., and 
Conibretum spp. of the sub-scandent shrubby type. 

About two miles from Mpwapwa one emerges on to a large open plain 
under various stages of native cultivation, from areas that had been abandoned 
for two or three years to areas from which the crops had just been harvested 
(Fig. 3). This will be described in detail under “Cultivation areas.’’ 

In the Kikombo area, the Adansonia-Strophanthus Eminii Aschers. ex 
TsiX-Delonix elata Gamble community was wanting and replaced by Acacia- 
Combretum-Grewia, Combretum- Acacia-Commiphora and Comyniphora-Albizzia- 
Combretum communities, all of them very complex and not confined to any 
particular types of soils. 

They usually formed open to closed stands of much branched bushy trees 
up to 30 ft. tall through which the station stock were pastured. The ground 
vegetation was very poor; of the grasses, Cynodon Dactylon Pers. occurred 
in favourable situations, while annual Eragrostis spp., Aristida spp. and 
Setaria spp. were abundant everywhere. The following weeds formed dominant 
colonies from place to place: Solanum panduraeforme Drege ex Dun., Ocimum 
americanum L., 0. suave Willd., and Triumfetta spp. 

Of the sub-shrubby plants Disperma trachyphyllum Bullock, forming a 
dense 6 ft. tall scrub, occurred throughout the whole area and in places covered 
many acres of ground. Acalypha ornata Hochst. ex A. Rich, also formed a 
scrub cover and attained a height of 4-5 ft. ; it occurred in the more low-lying 
areas and was confined to the grey sandy soils. Croton Menyharti Pax., 
Hoslundia opposita Vahl and Inppia asperifolia A. Rich, were other plants of 
the scrub but were more local in their distribution. 

Of the shrubs and trees the following occurred : Lonchocarpus capassa Rolfe, 
Afzelia quanzensis Welw. (very local), Rhus spp., Ziziphus mucronata Willd., 
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Z. Jujuha Lam., Gymnosporia senegalensis Loes., Gymnosporia sp., Elaeoden- 
dron sp. (evergreen), Terminalia sp. (evergreen), Combretum spp., Cordia spp., 
Domheya spp., Lasiosiphon Eminii Engl. & Gilg., Vernonia senegalensis Less., 
Capparis Kirkii Oliv., C, tomentosa Lam., Boscia grandiflora Gilg., Courbonia 
edulis Gilg. and Benedict (evergreen), Harrisonia abyssinica Oliv. (evergreen), 
Dichrostachys glomerata Chiov., and Thespesia, 

F or the community dominants, of the Commiphoras suitable material was 
not available for collection, but the following were collected: Combretum 



Fig. 3. Open plain under various stages of native cultivation, looking south from Mpwapwa to 
Gulwo Mountain. The dark line of trees to the left is an avenue of Casma siarnea Lam. 


Zeyheri Sond. a much-branched bushy tree with large four-winged straw- 
coloured fruits, C. Fischeri Engl, and C. Brosigianuin Engl, and Diels, bushy 
shrubs or trees with smaller russet-coloured four-winged fruits, were common. 

The Acacias were A, spiroearpa Hochst. ex A. Rich., A. arabica Willd. and 
A. usambarensis Taub., and the Albizzias A. Haweyi Fourn. {A, hypoleuca 
Oliv.), and A. versicolor Welw. ex Oliv. locally dominant. 

As one ascended the Kibariani Range slopes these communities extended 
up to about 3800 ft. when one entered the Berlmui and Brachystegia woodland 
communities of which there appeared to be three zones. 


3-2 
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Berlinia and Brachystegia Woodland (PI. Ill, phot. 1 and PI. VI, phot. 7). 
First zone (3800-4600 /if. altitude). 

The Combretum- Acacia -Commiphora community was gradually replaced 
by an admixture of Heeria insignis YMXitze-Ormocarpum Kirkii S. Moore- 
Bridelia Niedenzui Gehrm., bushy, much-branched trees up to about 25 ft. 
high with a very poor annual grass cover of Aristida-Eragrostis-Setaria spp. 
and a dwarf Cyperacea. 

These grasses persisted, but a Berlinia globijlora Hutch, and Burtt 
Da,vy-Brachystegia itoliensis Taub. element, with Securidaca longepedunculata 
Fresen., Pterocarpus Bussei Harms., Dalbergia sp. near Z). nitidula Welw. ex 
Baker, and Sterculia spp., became more apparent as one ascended. Of the sub- 
shrubby heih^ Disperma parvijlorum C. B. Cl. occurred in scattered clumps with 
Lippia asperifolia A. Rich. The following herbs were also noted or collected: 
Pogonarthria squarrosa Pilger, a perennial grass up to 4 ft. tall in scattered 
clumps, Kalanchae spp., Aloe sp. near A. laterita Engl, (on rocks), Orobanche 
ramosa L. at the base of a Brachystegia, Viscum Bagskawei Rendle parasitic 
on the branches of Acacia sp., Buchnera hispida Buch.-Ham., B. longifolia 
Klotzsch, Dicoma sessilijlora Harv., and a dwarf annual Polygala. 

Second zone (4400-5500 ft. altitude). 

In this zone the Brachystegias were dominant ; they were more or less flat- 
crowned trees up to 40 ft. tall with fairly clean boles. The species represented 
were: Brachystegia itoliensis Taub. was the most common; it extends right 
through the third zone up to 5800 ft. altitude with a consequent reduction in 
height. Brachystegia sp. near B. taxifolia Harms., a very beautiful light- 
crowned tree 30 ft. tall with a smooth brown bark. B. utilis Hutch, and 
Burtt Davy, 30-35 ft. tall with a flat much-branched crown and rough black 
bark (PI. Ill, phot. 1). 

Another dominant tree of this community extending from 4000 to 5000 ft. 
altitude was the much-branched, up to 30 ft. tall, Combretum Gueinzii subsp. 
splendens Exell, and in the upper reaches of the zone Faurea speciosa Welw. 
occurred as a much-branched 30 ft. tall tree as well as a very attractive 
Melastomacea, Dissotis Melleri Hook. f. with bright magenta flowers produced 
at the ends of its branches. This usually grew in rocks and attained a height 
of 15-20 ft. with stiff erect corky branches. An Acacia not unlike A. Bu- 
chananii Harms., with Vangueria sp. was also scattered through the community. 

Of the shrubs, the beautiful 6-8 ft. tall Tecomaria rupium Bullock occurred 
on rocks or rocky places from 5000 to 5800 ft. altitude. Vitex iringensis 
Guerke, almost leafless, was also observed. The sub-shrubby herbs, Hetero- 
morpha arborescens Cham, and Schlecht. (Umbelliferae), was scattered through 
the community. Eriosema ellipticum Welw. ex Baker, 5 ft. tall, growing in 
clumps, with yellow flowers, was an abundant plant. Of the herbs, Helichry- 
sum Kirkii Oliver and Hiern was common, and Leonotis mollissima Guerke, 
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Phot. 2 . Farmland of tlie Veterinary Department. The two conspicuous clumps of 
slirubs are Cassia didymohotyya ITesen. in a dry river l)ed. 
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forming fairly large stands, grew in the more open parts of the community 
with Euphorbia cyparissioides Pax, local. 

The dominant grasses were, on deep soils, Hyparrhenia cymbaria Stapf, 
7 ft. tall, forming almost pure stands in open glades, Themeda triandra vars. 
Burchellii Stapf, and hispida Stapf, 5 ft. tall, with Cyynhopogon excavatus 
Stapf. Although these have been included in this zone they extended, in 
favourable localities, down to 3800 ft. altitude and up to 5500 ft., but have 
been included here because they were most dominant throughout the zone. In 
shallow very stony quartz soils a 2 in. tall Cyperacea formed the gi’ound cover 
together with 3 ft. tall perennial tussock grasses growing in scattered clumps 
of Trichopteryx simplex Hack, and Diplachne sp. 

Third zone (5400 -6100 /i5. altitude). 

Towards the western end of the Kibariani Range, Klippen Mountain, there 
is a rock escarpment composed of white quartz rocks ; on these and below them 
persisted Braxihystegia itoliensis Taub. as a 10 ft. tall flat-crowned stunted tree, 
with Tecomxtria rupium Bullock as dominants and Vellozia sp. {Barbacenia), 
a much-branched shrubby Monocotyledon up to 4 ft. tall, with its stems and 
branches covered with persistent blackened leaf bases, the apex of the branches 
being crowned with a tuft of 4-8 grasslike leaves. 

The white rocks were covered with a bright red lichen, Caloplaca murorum 
DC., as well as Usnea cornuta Koerb. which also formed short pendulous festoons 
on the Brachystegia, giving to the dominant vegetation of the place a weird 
effect. Other plants of this area were two species of moss, Campiothecium. and 
Leucobryum ; a fern, Pellaea Goudotii C. Ch.; Cineraria kilimmidscharica Engl., 
Crassula Illichiana Engl, and a very dwarf Oldenlandui Johnstoni Oliver were 
herbs growing on the rocks; shrubs, Asclepias sp., near A. Philippsiae 
N. E. Br., very local, Smithia sp,, with orange flowers, 6 ft. tall and dominant in 
places, and Myrsine africana L. was common but scattered. The tussock 
grass Trichopteryx simplex Hack., was also present with the 2 in. high 
Cyperacea. 

Leaving this community and crossing to the eastern end of the range, one 
passed through Brachystegia woodland containing the same grasses as those 
in the second zone, but an Acacia not unlike Acacia spirocarpa Hochst. ex 
A. Rich, with an Elaeodendron sp,, and Myrica kilimandscharica Engl., both 
trees up to 30 ft. tall with spreading branches and flattish crowns, were present 
as well as the very hairy Crotakiria ladinocarpoides Engl. 

To the left of Wald Mountain a native path crosses the range and this 
passed through a community of Brachystegia-U apaca woodland, the latter an 
erect, not much-branched 20-25 ft. tall Euphorbiaceous tree with large leathery 
dark green leaves. In this community there were at least three species of 
Protea which were not in flower, Agauria salicifolia Hook. f. ex Oliver, a more 
or less branched 30 ft. tree of the Ericaceae, and Osyris abyssinica Hochst. The 
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grass cover was very thin and poor in which a tuberous rooted Aloe sp., with 
thin grasslike spiny leaves, grew, and a Kalanchoe sp. with pale buff flowers 
was also present. 

In the Deciduous Scrub Formation on the baiis of the streams Fringing 
Bush Communities occurred of which two types can be recognised. 

The Kibariani Range forms the main watershed for the area and the streams 
flow down the southern slopes towards Mpwapwa. Their general direction is 
south, but those on the eastern side of the Kikombo area curved round and 
flowed towards the west till they joined the main stream flowing south on the 
western side of the Kikombo Valley. At the time of my visit four of them had 
flowing water in their upper reaches, but there were other water channels 
which were perfectly dry. Those with more or less permanent water did not have 
such deeply scoured out beds as the dry ones and their banks were not so steep. 
The dry ones often had cliff-like banks and in places were more than 30 ft. deep. 

The two types of Fringing Bush Communities were Evergreen and 
Deciduous. 

Evergreen Fringing Bush Community. 

This community is found on the banks of the four streams and deeply 
scoured water channels, on the former it rarely forms a belt 20 yards wide and 
on the latter it occupies the cliff-like sides. 

The trees attain a height of 60 ft., often with good branch development and 
thick boles, casting a dense shade under which Eubiaceous shrubs and herbs 
of the family Acanthaceae aboimd, with a parasitic Dodder, through which 
numerous butterflies were flitting. The trees of the community are Ficus spp. 
as dominants, Acacia ^am/pylacantha Hochst. ex A. Rich, local, Khaya sp. 
frequent and conspicuous on account of its young red foliage standing out 
above all the other trees, Parkia sp., Garcinia sp., Euclea sp., Chrysophyllum 
sp., Maesa lanceolata Forsk., Syzygium cordatu7n Hochst., Lonchocarpus 
capassa Rolfe, Bapliia sp. and Sorindeia obtusifolioloia Engl. 

Two rare trees in the commimity were Pleomde Papahu N. E. Br. (Liliaceae) 
and Pygeum. africanum Hook. f. (Rosaceae). The former is a common tree in 
the Evergreen Rain Forest of the Usambaras and the latter according to 
Battiscombe^ is widely distributed in the forests of the highlands of Kenya 
from an altitude of 6500-8000 ft., attaining its maximum development in 
forests subject to heavy rainfall. The presence of these two species together 
with Maesa lanceolata Forsk. is significant; they may be relics of Rain Forest 
which covered the whole area in past times when the rainfall may have been 
much heavier than it is to-day. 

Lianes: Combretum padoides Engl, and Diels, Landolphia sp., Hippocratea 
obtusifolia var. Richar diana' Jjoes., Secamone sp. and Clematis simensis Yvesen. 

Scandent shrubs: Cardiogyne africana Bur., Capparis tomentosa Lam., and 
Rensckia mirabilis Bullock (very local), and Vernonia aurantiaca N. E. Br. 

^ Descriptive Catalogue of Common Trees and Woody Plants of Kenya Colony, p. 46 (1926). - 
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3. Xati\'c cLilti\’ation ; lirst year after clearing, crops just harvested. 



Idiot. 4. Native cultivation: after several years cultivation; crop has been harvested 
and cattle browsed through. Trees arc Acacia spirocarpa Hochst. ex A. Rich. 

GREIiNWAY - Vegetation oe Mpwapwa 

Face 38 





P. J. Greenway 


39 


Herbs : the Acanthaceae are the most representative of the community and 
the following also occur: Impatiens Hochstetteri Warb., Mellera submutica 
C. B. Cl., Moschosma polystachyum Benth. ; Adiantum sp., Ranunculus pubescens 
Thunb., Equisetum ramosissimum Desf. together with Cyperus flabelliformis 
Rottb., and Pennisetum purpureum Schum. occurring as water side plants. 

Deciduous Fringing Bush Community . 

This community succeeds the Evergreen Fringing Bush below the limits of the 
permanent flowing streams which during the dry season retreat towards the hills. 

Often Capparis tomentosa Lam. occurs with other evergreens such as Van- 
gueria sp., Cordia sp., and Ficus spp. ; the dominant trees are Acacia albida 
Del., A, campylacantha Hochst. ex A. Rich., and Albizzia Harveyi Fourn,, with 
Tamarindus indica L., Kigelia aethiopica Decne., Ferdinandia magnifica Seem, 
less frequent. The shade cast by these is extremely light. The community 
often contains scandent shrubs of Phyllanthus reticulaius Poir., Plumbago 
zeylanica L., an orange-flowered Composite, Vernonia aurantiaca N. E. Br., 
Clematis simcnsis Fresen., Blepharis sp. and Dalbergia sp. Other plants of this 
community are Cassia didymobotrya Fresen., Ipomaea sp., Indigofera spp. and 
Bocrhaavia spp., and the grasses Cynodon Dactylon Pers., Panicum maximum 
Jacq., Pennisetum purpureum Schum. and Phragmites communis Trin. are 
also present but in very scattered stands. 

In this Deciduous Fringing Bush Community mention must be made of a 
stand of Acacia campylacantha Hochst. ex A. VJiQh.-Disperma trachyphyllum 
Bullock-^oaZ;//p/m ornata Hochst. ex A. Rich, which occurs on the south 
eastern side of the Kikombo Valley. It appears to occupy an area of what was 
the flood plain of the Nkunda and Kibariani streams or the basin of a very 
shallow lake. Its soil type is a grey, almost white sandy soil with small rounded 
})ebbles. The Acacia campylacantha Hochst. ex A. Rich, attains a height of 
40 ft., but appears to be dying out; the Disperma trachyphyllum Bullock and 
Acalypha ornata Hochst. ex A. Rich, form a dense cover 6 ft. tall which it is 
impossible to penetrate. Other trees found here are Deinbollia nyikensis Baker, 
Acacia spirocarpa Hochst. ex A. Rich., Ficus sp. near F, Stuhlmannii Warb. and 
Kigelia aethiopica Decne., these latter three on the banks of a dried up stream 
which cuts through the area. 


Cultivated Areas. 

The cultivated areas are of two kinds, European and native. 

European. 

The Veterinary Station proper was composed of farmland with paddocks 
and the gardens of the staff. 

The farmland is reserved for the cultivation of maize, teff, Sudan grass and 
beans as supplementary feeding material for the stock during the dry season 
(PI. Ill, phot. 2). 
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The paddocks are sown down with tefl and allowed to revert back to grass. 
The grass is Cynodon Dactylon Pers. which, in August, formed a very poor and 
thin ground cover. It requires constant attention to prevent over-grazing and 
the invasion of thorny shrubs such as Acacia spp. and Dichrostachys glomerata 
Chiov., and weeds like Ocimuw^ spp. and Solanum panduraeforme Drege ex 
Dun., taking its place. 

With constant care, much watering, and ceaseless warfare against white 
ants, an attractive garden can be made and the following plants were noted : 

Fruits. 

Mango, guava, coconut, papaw, orange, lemon, Avocado pear and banana. 
Vegetables. 

Beetroot, carrots, cabbage, beans, peas, lettuce, tomato, etc. 

Flowering plants. 

Trees. Casuarina equisetifolia L., Delonix regia Rapin., Cassia siamea Lam., 
Albizzia Lebbek Benth., Adenanthera paimnina L., and Jacaranda forming a 
pole-like growth without branching. 

Shrubs. The hedge plants were Caesalpinia pulcherrima Sw., Dodonaea 
viscosa Jacq. and Euphorbia Tirucalli L. ; while such shrubs as AccClypha, 
Bauhinia spp., Melia Azedarach L., Euphorbia pulcherrima Willd. ex Klotz., 
Tecomaria capensis Spach., Lantana sp., Tecoma^ sp., Plumeria sp. and Nerium 
Oleander L., made an attractive display. 

Herbs. 

Gannas, carnations, antirrhinums, dahlias, zinnias, sweet peas, aloes, 
petunias, etc., could also be grown. 

The lawns were composed of Cynodon Dactylon Pers., and like most lawns 
had a weed which in this case was a very low-growing herb, Euphorbia hirta L. 

Native. 

The Wagogo, like most African tribes, practise shifting cultivation. In 

opening up fresh areas for cultivating they select a site in the Deciduous Scrub 

Formation and proceed to stump every tree to within 3-12 ft. from the ground 

(PI. V, phot. 5), and cut down all bushes. The Baobab is always left, no doubt, 

on account of its great size and economic importance to the natives. Other 

trees are sometimes left, possibly on account of the hardness of their woods, or 

for shade purposes, usually Acacia spirocarpa Hochst. ex A. Rich, and Ostryo- 

derris Stuhlmannii Dunn ex Baker f. 

\ • 

When cutting and felling has been completed the cuttings may be piled into 

heaps and fired, or they may -be fired in situ and the site is then ready for plant- 
ing. In this area the chief crops in order of importance are ground nuts, maize, 
mi][^t^ {Pennisetum spicatum Roem. and Schult. and Sorghum caudatum Stapf), 
beans with a little pigeon pea, tobacco and gourds. 
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I'hot. 6. The eastern end of the Kibariani Ivange, looking towards the 
liighest point, 6100 ft. altitude. 
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The site is cultivated for a period of 3-6 years, sometimes less, sometimes 
more, a great deal depending upon the fertility of the soil, after which it is 
abandoned and another site selected (PI. IV, phots. 3 and 4). 

An abandoned site is immediately invaded by annual weeds such as Tragus 
racemosus All., Eleusine indica Gaertn., Aristida adscensionis L., Eragrostis 
aspera Nees (abundant), Dactyloctenium aegyptium Beauv., Leptocarydion Vul- 
piastrum Stapf (abundant) and Rhynchelytrum roseum Stapf and Hubbard 
amongst the grasses; Cleome hirta Oliver, Gynandropsis gynandra Briq. 
(abundants), Seshania sp., an 8 ft. tall annual with yellow-brown spotted flowers, 
very abundant, Blumea aurita DC. (abundant), Ageratum conyzoides L., Astro- 
chlaena hyoscyamoides Hallier f. ex Engl, (very abundant) and Sesamum 
angustifolium Engl. 

This community is gradually invaded by Acacia spp., A, spirocarpa Hochst. 
ex A. Rich., Dichrostachys glomerata Chiov., Ostryoderris Stuhlmannii Dunn 
ex Baker f., Lonchocarpus capassa Rolfe, scandent Combretum spp., Vitex 
iringensis Guerke and shrubby Capparids, amongst which, various species of 
Ipomaea such as /. involucrata Beauv., /. mombassana Vatke, 7. Pes-tigridis L., 
7. obscura Ker and 7. Whyteana Rendle form a dense tangle. 

After a long period these abandoned cultivated areas, no doubt, revert 
to the Deciduous Scrub Formation, but apparently the area at Mpwapwa is 
not allowed to do this and is put under cultivation before it reaches its climax 
type of vegetation. 

The Subtropical Evergreen Forest Formation. 

On the northern slopes of Wald Moimtain at an altitude of 6100 ft. a patch 
of forest occurred (PL V, phot. 6). As only the fringe of it was entered it is not 
proposed to describe it in much detail. 

The fringe was composed of a practically pure stand of a 30 ft. tall, much- 
branched Celastraceous trees of Gymnosporia sp. or Elaeodendron sp. with thorny 
branchlets. Their crowns were flat and interlaced, casting a fairly dense shade 
with very little undergrowth. The branches were covered with moss and the 
ferns Polypodium lanceolatum L., Asplenium theciferum Mett. were epiphytic 
upon them; another fern, Dryopteris mollis Hieron., grew upon the ground. 
Above this dense canopy the scattered crowns of an Albizzia sp. projected, and 
further down the slopes to the north in the valleys other species of taller trees 
occurred. Fringing this forest on its upper limits and the adjoining Brachy- 
stegia-U apaca woodland was a tangled belt of vegetation composed of bracken, 
Pieridium aquilinum Kuhn, the grasses Panicum maximum Jacq. and Setaria 
Chevalieri Stapf, with a Rubus sp. and showy herbs such as Hypo'eMes 
antennifera S. Moore, Achyrocline Schimperi Sch. Bip. ex A. Rich., Erlan- 
gea sp. near E, ruwenzoriensis S. Moore, Pavonia Schimperiana Hochst. ex 
A. Rich, and Abtdilon lougicuspe Hochst. ex A. Rich., with scattered trees of 
Cuasonia sp. 
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The above is a description of the vegetation in a very small area of the 
Central Province, Tanganyika Territory, in which the natives practise a mixed 
agriculture and in which the problem of over stocking and shortage of grazing 
is becoming very acute. 

According to a livestock census the people of the Province owned in 1928^: 
cattle 1,177,842; sheep and goats 1,185,810; pigs 169; donkeys 10,189; 
horses 5; mules 3, of which the stock at Mpwapwa form a very small fraction. 

The question naturally arises, “ What do these animals find to live on during 
the dry season?” There are no grasslands at Mpwapwa and of the following 
grasses that have been collected the majority are very poor for grazing or 
fodder purposes : 


Aristida adscensionis L. 

A. Stoudeleana Trim, and Rupr. 

.T3rachiaria brizantha Stapf 

B. regularis Stapf 

B. eerrifolia Stapf 
Cymbopogon excavatus Stapf 
Cynodon Dactylon Pera. 

C. pleotostachyus Pilger 
Dactyloctenium aegyptium Beauv. 

Diplachne sp. 

Eleuaine indica Gaertn. 

Enteropogon macroatachyum Munro 
Eragroatis aapera Nees 

Heteropogon contortua P. Beauv. ex Room, 
and Schult. 

Hyparrhenia cymbaria Stapf 
H. filipendula Stapf 


Leptocarydion Vulpiastrum Stapf 
Panioum brevifolium L. 

P. deuatum Thunb. 

P. maximum Jacq. 

Pennisetum ciliare Link. 

Pogonarthria squarroaa Pilger 
Rhynchelytmrn roaeum Stapf and Hubbard 
Setaria homonyraa Chiov. 

S. pallidifiiaca Stapf and Hubbard 
S. verticillata P. Beauv. 

Sporobolua feativus Hochat. 

S. indicua R. Br. 

Themeda triandra Forak. var. Burchellii Stapf 

T. triandra var. hiapida Stapf 
Tragus racemoaus All. 

Trichopteryx simplex Hack. 

Urochloa trichopua Stapf 


Of the above 33 species BracMaria brizantha Stapf, Cynodon Dactylon Pcrs., 
Dactyloctenium aegyptium, Beauv., Heteropogon contortus P. Beauv. ex Roem. 
and Schult. (when young), Hyparrhenia cymbaria Stapf (when young), 
Panicum maximum Jacq., Setaria pallidifusca Stapf and Hubbard and The- 
meda triandra Forsk. are recorded as good forage grasses, but their distribution 
throughout the area is extremely local. 

Cynodon Dactylon Pers. occurred in the low-lying parts of the area ; Hypar- 
rhenia cymbaria Stapf forms pure stands together with Themeda triandra Forsk. 
in the Brachystegia woodland on the slopes of the Kibariani Range above the 
limits, about 3800 ft. altitude, of the grazing radius of the stock and therefore 
is of no value on account of its inaccessibility. 

It has been observed that where stock are able to penetrate to this area 
these two species are soon eaten out and annual Aristida and Eragrostis spp. 
take their place ; the next phase in the succession is a dense growth of thorny 
shrubs such as Acacias;pp,,Dichrostachy8 glomerata Chiov. and Commiphora spp., 
because the limiting factor to the development of these species, fierce grass 
fires, has been removed. In association with these thorny shrubs the regene- 
rating Berlinia-Brachystegia spp. form a fairly dense stand of coppice growths 

^ Annual Report: Department of Veterinary Science and Animal Husbandry, Tanganyika 
Territory, p. 35 (1928). 



JOURNAL OF ECOLOGY 


VoL. XXI, Plate VI 



Phot. 7. lu'i'liiiid woodland on n]')j)er limits of cattlo-j^a'a/in^ 

ran.^c. Note co})piccdikc growths, and compare with IMiol. 1. 
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up to 20 ft. tall with thin stems (PL VI, phot. 7). This, no doubt, would form 
in this area Brachystegia woodland again with Hyparrhenia cymbaria Stapf and 
Themeda triandra Forsk. stands, if stock were prevented from grazing through 
them. 

Towards the end of the dry season after the crops have been harvested, 
about the end of July and August, the areas of native cultivation are available 
as browsing grounds for the native cattle. The dried stems and leaves of the 
ground nuts, maize, millets, beans, and fruits of gourds, provide valuable 
feeding material, but no effort is made to conserve them, and the animals 
browse through this fodder over and over again until all has been eaten. 

It is obvious from these observations that the cattle cannot be entirely 
dependent on the grasses for forage, and these are supplemented by the fruits 
and leaves of certain trees, shrubs and herbs in the area. 
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Introductory. 

There are many natural, semi-natural and artificial sheets of water on the 
Witwatersrand, and the object of this research is to give an account of the 
aquatic and sub-aquatic communities which occur in and around these sheets 
of water. 

The investigation was suggested to me by the late Prof. C, E, Moss, of the 
University of the Witwatersrand, Johannesburg, all the work being done 
under his guidance. Determinations of the vascular plants were made by him. 
The Characeae were determined by Mr J. Groves, and the phytoplankton by 
the late Dr C. H. Ostenfeld of Copenhagen. Numbered specimens of the 
vascular plants, and of the Characeae are preserved in the herbarium of the 
University of the Witwatersrand, and specimens of the plankton collections 
are in the botanical museum of the same university. 

I. Physiography. 

The sheets of water investigated are on the Witwatersrand, extending from 
Florida Lake on the west of the Central Rand, to the Brakpan pans on the far 
Eastern Rand. Florida is nine miles to the west of Johannesburg and Brakpan 
twenty-three miles to the east (Figs. 1 and 2). 




Phot. 2. A pernianenl pool in the Brakpan main pan. 
The pools are constructed. 



Phot. 3. A permanent pool and ditches in the pan at Brakpan. The 
light-coloured Hoating vegetation near the steep bank in the right centre 
is Poiainogcton pcctinatiis. February 1927. 

WEINTROUB -AguATic and Sub- Aquatic Vegetation of the 
W I T w ate rsk an d 




Dora Weintroub 


45 


The country in which these sheets of water occur, forms part of the high- 
veld” of South Africa, and lies at an elevation of between 5000 and 6000 ft. 
The range, of elevation within the area is about 1000 ft., and the surface is 
varied and diversified by numerous hills and escarpments. The Witwatersrand 
forms one of the main watersheds of South Africa (Mellor, 1917). There are no 
rivers of any considerable size, but the area is watered by numerous small 
streams which originate in this elevated ridge. From the northern slopes these 
streams flow into the Crocodile or Limpopo River, and finally into the Indian 
Ocean. These northward flowing streams have steeper gradients than those 
flowing southwards, and have cut narrow gorges or kloofs through the ridge. 
The Witpoortje gorge, north-east of Krugersdorp, is an example of this. Here 
the stream passes through a deep and narrow gorge into the lower country, 
consisting of a rather flat plateau of ancient granite. The southern slopes give 
rise to streams which flow into the Klip River, which joins the Vaal River, 
whose waters reach the Atlantic Ocean. These southward flowing watercourses 
follow more open valleys and their descent into the lower country is more 
gradual. The streams which form Canada and Florida lakes meet near Nance- 
field and then flow into the Klip River. 

The natural sheets of water are streams and pans. All the lakes investi- 
gated, namely, Florida, Boksburg, Geduld and Wemmer lakes (the last being 
usually known as Wemmer pan), are semi-natural, since they have been 
formed by the construction of a wall on one side of each stream, and are in 
reality merely wider portions of the streams themselves. 

The dams are artificial, being entirely of human construction and are used 
by the mines and other industrial concerns. 

The lakes and dams are permanent. The pans arc temporary and dependent 
on the rainfall for their supply of water. In the Eastern Transvaal, however, 
there are some pans in the Bethal and Ermelo districts which are permanent, 
owing to the fact that they have streams, and in some cases springs, feeding 
them. 


Pans. 

On the Far Eastern Rand, the surface beds of which consist of coal- 
measure rocks belonging to the Karroo system, numerous pans occur. The pans 
are shallow, and more or less circular depressions with almost level floors. They 
range in length and breadth from a few yards to a few miles. 

Various views as to the origin and mode of formation of pans have been 
put forward. M. S. Alison (1899) suggests that pans were formed by zoogenous 
erosion. Passarge (1904) also shows the important part played by herds of 
wild animals in forming and deepening pans by the removal of mud and sub- 
stances in solution from the drinking places. It is possible that the animals 
caused deepening of the pans, but the beginnings of the pans probably were 
already there when the animals visited the drinking places. A. W. Rogers 



Braamfontein Johannesburg 
Langlaagte Station • Station 



Fig. 1. Sket<jh map of Central Rand showing locations of lakes. Based on the Union of South Africa 
Department of Mines and Industries GeologiH^al Survey Sheet 52, Johannesburg. 




Fig. 2. Sketch map of East Rand showing locations of pans. Based on the Union of South 
Africa Department of Mines and Industries, Geological Survey Sheet 52, Johannesburg. 
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(1922) considers that pans were formed by wind erosion at a time when the 
climate of the country was drier than it is now. He considers that pans can 
be formed by wind erosion alone, and that wind erosion is aided by the hinder- 
ing and prevention of vegetation over the pan floor, due to brackishness of 
the soil. Rogers {loc. ait,) quotes Penck (1909), who argued that the pans in 
the Transvaal and Orange Free State were formed when these parts of the 
country had a drier climate than they have at present, because the pans could 
not have been developed in a humid climate. E. H. L. Schwartz (1926) con- 
siders that pans are formed in the following way: To a large extent South 
African rivers are intermittent, that is, they flow for a short period during the 
year, namely during the rainy season. The smaller rivers are frequently dry. 
The water which falls is not sufficient to fill the river channel, but there is an 
excess where the storm breaks, causing the river to overflow its banks and to 
form a temporary “ vlei ” or marsh. Storms break more or less in the same place, 
and thus eventually the marsh is widened. If there is not sufficient water to 
flow past this marsh for some time, depressions are formed in this widened part 
of the river channel, by weathering and disintegration of the underlying rocks. 
When the water dries, a powdery soil is left, which is blown about by the wind, 
and this causes deepening of the pan. 

Over very flat country (and the pans considered in this paper are all in 
comparatively flat country) the depressions forming the stream courses may 
be very slight. As a matter of fact, the watercourses in the coal-measure 
country have no definite channels, and take the form of swampy marshes which 
are dry in winter. Perhaps from such swampy marshes the East Rand pans 
have originated. There is, however, no connection between the pans to in- 
dicate that they are parts of a river channel, and they therefore give no 
definite indication as to their origin. On the other hand, pans in the Ermelo 
district, of which ‘‘Lake” Chrissie is the largest, seem to be connected and are, 
perhaps, parts of a river system. In May, 1928, at the close of the rainy season, 

I noticed that three pans, one of which had a spring entering it, were almost 
connected. These pans were not far apart and the spaces between them were 
swampy. The first pan had a spring entering it and is probably the beginning 
of a river which, owing to insufficient water, flowed no further than the third 
pan. Although the climate is humid (the average rainfall is about 31-28 in.; 
Lewis, 1925) there does not appear to be enough water to fill the watercourse. 
Rogers {loc, cit,) finds it difficult to account for the origin of these pans in the 
Ermelo district by wind erosion, because the climate is humid and the soil not 
sufficiently brackish to prevent the growth of vegetation. The pans in this dis- 
trict which become dry in winter are covered with Phragmites communis Linn. 

In the case of Verneuk pan at Kenhardt, which is a great flat tract, 17 miles 
long and 6 miles wide, Rogers (1911) considers the extremely low grade reached 
by streams behind bars of hard rock, the unfavourable conditions for plant 
growth due to brackishness of the soil, and finally the scope given to wind to 
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remove dust and sand from the bare ground, as being responsible for the 
formation of the pan. Of the temporary pans there are two kinds ; pans with 
mud floors, an example of which is the Avenue pan, and pans with grass floors, 
like the Rietfontein and Brakpan pans. Pans with grass floors support a rich 
growth of vegetation even when they are dry. In the main pan at Brakpan the 
floor is covered with Cynodon transvaalefisis Burtt Davy, which forms an 
attractive and natural lawn. Other grasses occurring in these grass pans are : 
Diplachne sp.nov., Panicurn colorattim Linn., Panicum laevifolmm. Hack and 
Tragus sp. This covering of vegetation in the pan when it is dry hinders wind 
erosion. 

The mud pans such as the one at Avenue, have, when dry, bare floors of 
dark mud, which is easily wind borne. It is interesting to note that the mud 
pans are deeper than the grass pans. Wind erosion, when not hindered by a 
covering of vegetation over the pan floor seems to cause deepening of the pan. 

A white incrustation of salts is commonly found on the receding margins 
of the pans, as the waters are drying up, and on the floors of the pans when 
they are dry. Rough analyses of these salts indicate that the incrustations 
contain very large amounts of sodium chloride, small amoimts of calcium 
carbonate and traces of magnesium sulphate. 

II. Aquatic Plant CoMMuisrTTTKs. 

The aquatic plant formation includes the plant life of all the aquatic habi- 
tats such as lakes, streams, pans, and dams. The vegetation differs considerably 
in the different types of sheets of water. What the actual determining factors 
are it is difficult to state, but it is probable that the leading factors are aeration 
of the water and the amount of dissolved mineral and organic substances in 
the water (Moss, 1911). 

C. E. Moss (1913) pointed out that the chemical constituents of the soil, in 
addition to any or all of the physical conditions, have, directly and indirectly 
great influence on the differential distribution of the flora and vegetation of a 
district. It is probable that the chemical and physical conditions of the waters 
are determining factors, but the present state of knowledge regarding the 
waters of the Wi t water srand, and the data ascertained, do not allow of any 
detailed statement. 

Taking aeration and amount of dissolved mineral salts as leading factors, 
and following C. E. Moss (1911), the aquatic communities can be divided into 
the following: 

(1) Communities of still waters, such as the pans. These have a high mineral 
content, the concentration increasing as the dry season approaches. 

(2) Communities of slowly flowing waters such as the semi-natural lakes. 

(3) Communities of rapidly moving waters, namely the streams, which are 
relatively poor in mineral salts and rich in oxygen. 

Joum. of Ecology XXI 4 
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The aquatic communities of the sheets of water investigated include the 
following : 

A. Free-floating communities : 

(а) Plankton. 

(б) Spermatophyta. 

B. Communities of rooted plants entirely submerged. 

C. Communities of rooted and submerged plants with floating leaves. 

D. Reed swamp commmiities. 

The sub-aquatic communities include : 

A. Hemi-halophytic communities. 

B. Marsh communities. 

The former are of very limited extent, the latter are common and extensive. 
A. Free-Floating Communities, 

(a) Plankton, This consists of minute plants which float in the water. The 
organisms are unicellular, multicellular, solitary or colonial. Some of the algal 
free-floating organisms differ from true plankton by floating on the surface of 
the water, by being adapted to existence in contact with air, and forming, in 
some cases, scums. Warming (1909) places these plants together with the free- 
floating Spermatophyta in a separate formation, the hydrocharid formation 
or pleuston. In the hydrocharid formation occur various Chlorophyceac, such 
as Spirogyra sp., Zygnema sp., and Hydrodictyon sp. (probably the recently 
described H, indicum). False plankton is formed by Chlorophyceae, which are 
at first epiphytic, usually on members of other communities, but which later 
become free, when they float on the surface of the water buoyed up by the 
oxygen which they evolve. This group is represented by species of Spirogyra, 
Mougeotia, Zygnerm, Oedogoniufn, and Draparnaldia (from Brakpan pan). 
These plants occur in both fresh and stagnant waters. They are especially 
abundant in sheltered areas, such as in the open reed swamps. Batracho- 
spermum sp. occurs in streams at Florida and Witpoortje. 

In a permanent pool in the main pan at Brakpan, the following occurred. 
The frequency symbols used are: c. common, v.c. very common, r. rare, 
v.r. very rare. 

Samples collected on September 1th, 1927. 

Olosterium sp. c. Lyngbya limnetica Lemiii. v.r. 

Cosmarium sp. r. Oscillatoria sancta Kg. v.r. 

Cyclotella Meneghiniana Kg. r. Scenodesmus armatus Chod. v.r. 

Gomphosphaeria aponina Kg. r. Tetraedron minimum Hansg. v.r. 

Merismopedia spp, v.r. 

Samples collected on Fdnuary l^th, 1929. 

Ankistrodesmus falcatus Ralfs, var. Eudorina n.sp. v.r. 

spirilliformis G. S. West v.r. Pediastrum pertusum Kg. v.r. 

Characium limnetica Lemm. v.r. Microcystis aeruginosa Kg. v.r. 

Eudorina elegans Ehrb. v.r. 
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Samples collected on March Wth, 1928. 

Eudorina sp. r. Pediastrum pertusurn Kg. v.r. 

Eudorina elego-ns Ehrb. r. Volvox Rousseloti G. 8. West v.c. 


Samples collected on April Ibth, 1928. 

Eudorina elegans Ehrb. c. Podiastrum pertiisuiri Kg. v.r. 

Coelastrum pulchrum Schm. var. Pediastrum sp. r. 

intermedium Bohlin v.r. Plectonema sp. (perhaps n.sp.) r. 

Cyclotella Menegiiiniana Kg. v.r. Volvox Rousseloti G. 8. West c. 


Samples collected on May t^th, 1928. 

Eudorina elegans Ehrb. c. Volvox Rousseloti G. 8. West v.c. 

Limnoplankton is found in fresh waters such as Florida Lake and 
Geduld Lake. In samples of plankton collet^ted at these lakes the following 
occurred : 


Samples collected at Florida Lake on August 1927. 


(Joehistrum pulchrum 8chm. var. 


inU’innediurn Bohlin r. 

('. roticulatum Lemm. v.r. 

Dinobryon divergens Imhof var. v.c. 

Melosira ambigua O. Muller v.(*. 


Mallomoims acaroidea Pcrty 

v.r. 

I 'eridiriium tabu latum 

v.r. 

Idiacus })leuroue(;los Duj. 

v.r. 

Tabellaria Hocculosa Kg. 

v.r. 


Samples collected at Geduld Lake on March ?*{)th, 1928. 

Ankistrodesmus faleatus Ralfs, var. 8cene(lesmu.s (juadricauda Bi'eb. v.c;. 

spirilliformis G. 8. West v.r. 8. opoliensis Richter v.r. 

Pediastnira boryanum Meneg. r. 8. dimorplms Kg. v.r. 


Saproplankton occurs in stagnant pools and also in swamps. The swamp at 
the north of the main pan at Brakpan ofteii has a covering of about 4 in. of 
water. Here occur three species of Euglena, Oscillatoria sancta Kg. which some- 
times forms thick mats on the ground, and Microcystis pulverea Mig. The last 
mentioned occurs as a pink gelatinous free-floating mass. Microcystis aeru- 
ginosa Kg. also occurs in stagnant pools forming a bright green scum on the 
surface of the water. It has been found in a stagnant pond in the Johannesburg 
Zoological Gardens. 

The determinations of the Algae are not complete. The late Dr Ostenfeld 
passed on the samples, together with Algae collections from other localities in 
the Transvaal, to Mr Nygaand, who published an account of these collections 
in a series on the Fresh-water Algae of South x\frica (Nygaand, 1932). 

(6) Spermatophyta. Free-floating Spermatophyta include IJtricuhiria 
stellaria Linn., which occurs in the pans at Brakpan and Rietfontein, Lemna 
gibba Linn., Lemna minor Linn., and Wolffia, arrhiza Wimmer. L. gibba and 
L, minor occur in the Avenue pan and also in a permanent ditch in the main 
pan at Brakpan. Wolffia arrhiza is found in a swamp between State Mines and 
Modder B. The Lemnaceae were found flowering in May and June, 1928. 

4-2 
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B. Communities of Rooted Plants entirely Submerged. 

Chara braunii Gmelin occurs in the pans at Brakpan and Rietfontein. 

Chara fragilis Desvaux is found in the Brakpan pans. 

Chara stachymorpha Ganterer occurs in Florida and Boksburg lakes. 

Nitella doidgeae Groves and Stephens is found in Florida and Boksburg 
lakes. 

Nitella dregeana Kutz. occurs in the Brakpan pans. 

Nitella hyalina Ag. also occurs in the Brakpan pans. 

Lagarosiphon muscoides Harvey occurs in the pans at Brakpan and Riet- 
fontein, in Boksburg Lake and in Florida Lake. 

Lagarosiphon major Moss occurs at Springs, at Birchleigh and at Florida 
Lake. 

L. muscoides and L. major were fully described by V. A. Wager (1928). In 
the case of L. muscoides, Wager considers that there are two different habitat 
forms of the same species due to different external conditions. These two forms 
he calls L. muscoides forma bremfolia, which perhaps results from growth in 
unfavourable conditions of light and temperature, and L. muscoides forma 
hngifolia, growing in optimum conditions of light and temperature. 

Potamogeton pectinatus Linn, is foimd in the pans at Brakpan and Riet- 
fontein and in the pan at Apex. It also occurs m Geduld Lake. Specimens from 
Brakpan have been identified as Potamogeton pextinatus Linn. var. diffusus 
forma laxus Hagstrom, by the late Mr Arthur Bennett. The plant over- 
winters by the formation of tubers on speeial branches, and where the water 
does not dry up in winter the plant is evergreen. 

Potamogeton nodosus Poir. occurs on the north-west side of Florida Lake. 

Potamogeton badius Hagstrom occurs in Florida Lake and in a pond at 
Birchleigh. 

Potamogeton sp.nov. also occurs in Florida Lake. I have not found this 
plant. It was found in March, 1923, by Prof. Moss who describes the fruit 
as follows : “ The fruit is abundantly warted on the central carina, with two 
bosses on the ventral side. The sides are flat, not impressed. The fruit is 
0-3 cm. long and 0*25 cm. broad.” 

Zannichellia pedicellata Fries occurs in the main pan at Brakpan, where it 
is dominant in communities in the permanent ditches at the north side of the 
pan. 

Scirpus Jluitans Linn, is widespread, occurring in all the sheets of water 
investigated. The plant has transitional forms, existing as a marsh plant, and 
when it is submerged, as an aquatic with submerged leaves. The leaves in the 
submerged form become long and strap-shaped, reaching a length of 30-40 cm. 
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C. Communities of Rooted and Submerged Plants with 
Floating Leaves. 

Ilysanthes conferta Hiern is found in a small pan at Rietfontein: the 
floating leaves form a rosette of eight to ten. 

Limnanthemum thunbergianum Grisebach is found in Florida Lake, forming 
dominant associations in the sheltered regions of the lake, as in the open reed 
swamp, and also as a zone at the edge of the closed reed swamp. It also occurs 
in the backwater of the stream at Canada about one mile from Canada Lake. 
Portions of the plant broken off and reaching the margin of the lake exist as 
mud forms. The petiole then becomes much shorter, and the lower surface of 
the leaf touches the ground. 

Marsilia macrocarpa Presl occurs in the permanent pools in the pans at 
Brakpan and Rietfontein, in Boksburg and Geduld lakes. In permanent 
waters the plant occurs all the year as an aquatic. In temporary sheets of 
water it exists as a marsh plant when the water dries (Roux, 1929). 

Polygonum amphihiurn Linn, is found in the large pan at Rietfontein and 
at Geduld Lake. The plant grows as a sub-terrestrial and can readily adapt 
itself to an aquatic existence. It occupies the zone nearest the margin and by 
the growth of the rhizome extends into the water, often growing in water up 
to 5 ft. deep. The leaves then become floating leaves and the inflorescence 
stands erect above the water. The flowers are a deep pink. 

Potamogeton javanicus Hasskarl is known from Florida Lake only, where it 
forms a dominant community on the east of the lake. The plant flowers from 
December tn March. It has a few small floating leaves and several elongate 
submerged leaves. 

Potamogeton richardii Solms-Laubach occurs in the large pan at Rietfon- 
tein, where it is dominant in the permanent ditches and in the surrounding 
parts of the pan. It also occurs as a small patch on the north side of Florida 
Lake. There are two forms of the plant, namely, a form with submerged and 
floating leaves, and a form entirely submerged, with no floating leaves. The 
submerged form occurs in very deep water and can be developed from the form 
with floating leaves, if the latter be grown in deeper water. The young plant 
has submerged leaves only until the shoot apex reaches the surface of the 
water, where it develops floating leaves. 

D. Reed Swamp Communities. 

The reed swamp may be divided into open and closed. The reed swamp 
communities are included with the aquatic communities since they exist 
largely under the same environmental conditions as the true aquatics. 
Florida and Geduld lakes have good examples of open and closed reed 
swamps. 

Closed reed swamp. The communities of the closed reed swamp are zonally 
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arranged occupying zones near the margin and extending for some distance 
into the water. The plants which occur here are : 

Phrcujmites communis Linn, which is a dominant both in the open and 
closed reed swamps. At Florida and Geduld lakes it occupies a zone extending 
for some distance into the lakes, often growing in water 4-5 ft. deep. The plant 
occurs both in fresh and stagnant waters. At Florida and Geduld the waters 
are fresh. In some of the pans around Lake Chrissie, which contain stagnant 
waters, it is found over almost the whole area of the pans. A pan about two 
miles north-east of Lake Chrissie was covered with Phragmites communis 
in May, 1928. Another pan west of Lake Chrissie, investigated at the same 
time, was not quite dry, having a stretch of about 20 ft. of water containing 
a zone of Potamogeton pectinatus Linn, and a zone of Potamogeton richardii 
Solms-Laubach, between the land and Phragmites zone. The drying up of these 
pans is probably caused by Phragmites communis which utilises most of the 
water, the supply of which is limited, being dependent on the rainfall. The plant 
also occurs in the marshes formed beyond the margins of the lakes, when the 
water-level falls and the swamp becomes a very wet marsh. 

Typha australis Sch. and Thon. is found as a dominant in Florida and 
Geduld lakes. 

Cyperus fastigiatus Rottboell occurs as a dominant on the north side of 
Geduld Lake. 

Scirpus corymbosus Rottboell occurs as a dominant on the south-west side 
of Florida Lake, and on the north-east of Geduld Lake. 

Open reed swamp. The open reed swamps include the members of the closed 
reed swamps as well as plants which belong to the free-floating community, 
and to the rooted and submerged communities, both with and without 
floating leaves. There are also zones of comnnmities which arc sub-terrestrial, 
but which, for certain periods, usually after torrential rainfall causing 
an extension of the water area, adapt themselves to an aquatic existence. 
These plants are zonally arranged according to their degree of adaptation 
to an aquatic existence. 

Plants occurring in the open reed swamps, besides those mentioned as 
occurring in the closed reed swamp, are: J uncus effusus Linn., J. oxycarpus 
E. Meyer, Juncus spp., Cyperus umhrosus Nees, C. macranthus Boeck, 
Polygonum limbatum Meisn., P. meisnerianum Cham, and Schlecht., P. ser- 
rulatum Lag., P. glutinosum Meisner, P. tomentosum Willdenow, and 
P. amphibium Linn. This last species has already been mentioned in the 
communities of rooted plants with floating leaves. 

Plankton and epiphytic algae occur in both the open and closed reed 
swamps. 
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I’liot . 4. A(]ijatic: \ a1 ion in I 'lorida T>ake. Tlie floating vegetation in right middle 
distance and left centre nearer tlie bank is Lininantlionuni t/imihcrgicmuni Grisebacli. 
PhyctL^ut i Ics ( ())i?niiuiis I.. and (instrdlis Schnm. and Thonn. are seen in right 

foregrc')und . A tuft of S( iyf>ic< coryiubosus Kottboell occurs in left foreground c:lose to 
bank, and tliere are se\ erai others in tfie middle distance, further from the shore. Tlie 
planted trees are Sali xhabylonica 1 .. on the left, and liucaly j^titssY). on thefurthershore. 



Idiot. 5. A(j viatic vegetation in Florida Fake. The reed swamji plants are mostly Typlia 
australis witli Polygonuui sp. tow^ards the right, showing characteristic inflorescences, 
the floating leaves are those of Lininanthcniuni thimhcrgianuni . 

WEINTROUB — Aquatic and Sub-Aquatic Vegetation of the 
W iTWATERSRAND 


Face p. 54 




0 



Dora Weintrottb 


55 


III. Sub-aquatic Plant Communities. 

The sub-aquatic communities include hemi-halophytic plants and marsh 
plants. 

A. Hemi-Halophytic Communities. 

These are represented by species of Spergularia. Spergularia sp.nov. (aff. 
S. salina J. and C. Presl) is found at the main pan at Brakpan and at Apex 
pan. At Brakpan it occurs in a swamp which contains a high percentage of 
salts in the soil and in the water. The salts on analysis were found to consist of 
chlorides, sulphates and carbonates, of sodium, calcium and magnesium. 

Spergularia marginata Kitt. var.nov., is found on the north margin of 
Geduld Lake. 

B. Marsh Communities^, 

There is no definite line of demarcation between marsh plants and land 
plants, but marsh plants tend to occur with their roots in soil containing much 
water. 

Marsh plants are zonally arranged around the margin of the waters, the 
zones being determined by the amount of water present in the soil. Some 
marsh plants have the power of adapting themselves to an aquatic existence 
when they are submerged or nearly submerged. Scirpus fluitans Linn, de- 
velops long linear leaves when submerged. Polygonum amphibium Linn, 
develops floating leaves when growing in water. Some aquatic plants, namely, 
Limnathemam thunbergianum, Grisebach and Marsilia macromrpa Presl, can 
adapt themselves to existen(*(‘ as marsh plants. 

On the west sides of Florida and Geduld lakes and on the east side of 
Canada Lake, there are marshes for the major portion of the year. At Florida 
and Geduld the marshes extend for some distance. The pans, on the other hand, 
when full of water have marshes for a short distance around their margins. In 
such marshes occur Limosella tenuifolia Wolf, Lessertia sp.nov. (at Avenue 
pan), Cuscuta sp.nov., Trifolium sp.nov., Crotalaria distans Bentham (at 
Avenue pan), Aponogeton spatha^eus Fj. Meyer (at the large pan at Rietfontein), 
Polygonum limhatum Meisn., P. tomentosum Wildenow. With the end of the 
rainy season the pans at Brakpan and Rietfontein are converted into marshes. 
The whole pan, except the permanent pools and ditches, becomes a marsh 
which is covered with Cynodon transvaalensis Burtt Davy, Limosella tenuifolia 
Wolf, and marsh forms of Marsilia macroearpa Presl. The Avenue pan when 
nearly dry has a bare covering of dark powdery mud. In the marshes around 
the lakes occur: Cy perns isocladus Kunth., C, macranthus Boeck, Epilobium 
villosum Curt., J uncus effusus Rottbocll, J, brevistylus Buchen, J. glaucus 
Ehrh. var. aeutissimus Buchen, J. lomaiophyllus Spreng, J. oxycarpus E. 
Meyer, J uncus spp.nov., Polygonum limhatum Meisn., P, meisnerianum Cham, 
and Schlecht., P. serrulatum .Lag., P, glandulosum R. Br., P, glutinosum 
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Meisner var. capense Meisner, Limosella tenuifolia Wolf, Limosella sp., 
Nasturtium officinale R. Brown, Pelargonium sp.. Ranunculus sardous Crantz, 
R. meyeri Harvey ysx. transvaalensisy Scirpus nuwer Boeck, and Rumex glo^ 
meratus Schreb. 

IV. Habitat Conditions. 

The habitat conditions which determine the distribution of the communities 
seem to be the physical and chemical nature of the waters, depth of water, 
movement of the water, aeration and the nature of the substratum. 

Plankton occurs abundantly in the still and very slowly flowing waters, 
and is poor in quantity in the very swiftly flowing streams. The type and amount 
of plankton appears to be influenced by the chemical and physical properties 
of the waters. 

The free-floating communities of Spermatophyta occur in still waters, such 
as the pans. 

Rooted plants with floating leaves occur in clear waters in sheltered regions 
of the pans and lakes, and in backwaters of streams. 

The communities of rooted plants entirely submerged occur in fairly deep 
waters on substrata of soft muds. 

The reed swamps occur in very slowly flowing and still waters. When 
members which belong to the reed swamp occur in the streams, they do not 
form swamp communities. 

The hemi-halophytic communities occur where there is a considerable pro- 
portion of salts in the soil, a very large percentage of the salts being sodium 
chloride. 

In the case of the marsh plants, among the most important factors is the 
amoimt of available water in the soil. 

A closer study of the habitat conditions must be made however in order to 
ascertain the correlation between the above factors and the distribution of the 
plant communities. 

V. Summary. 

The area investigated extends from Florida, nine miles west of Johannes- 
burg, to Brakpan, twenty-three miles east of this city. 

The sheets of water may be classified as follows : 

(1) Artificial dams, usually in connection with the gold mines, and, as a 
rule, of little botanical interest. 

(2) Semi-natural lakes, made by the artificial damming up of natural 
streams. Florida Lake is the best known. Reed swamps occur, with the follow- 
ing plants locally dominant: Typha australis (very closely allied to T, latifolia 
and T. angustifolia), Phragmites communis (apparently the form of southern 
Europe), Scirpus nmcrocarpus (looking like S, lacustris), and Cyperus fastigiatus. 
Of plants with floating leaves, Limnanthemum thunhergianum (allied to 
i. peltatum) is abundant in Florida Lake. Submerged plants occur, such as 
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Potamogeton javanicus (with a few floating leaves), and P, badius (allied to 
P, pusillus), Potamogeton sp.nov. The margin is rich in marsh species, includ- 
ing Juncu9 effusus, Juncus spp., Ranunculus sardous (agg.), R, meyeri var. 
transvaalensis. Nasturtium officinale, and Ejnlobium, villosum. (aff. E. hirs^itum). 
Spergularia marginata var.nov. occurs at the margin of Geduld Lake. 

(3) Natural sheets of water, which are: 

(a) Pans, or shallow depressions whose origin is in dispute. The pans are 
frequently dry in winter. They have a typical and characteristic marginal flora, 
with Spergularia sp.nov. (aft*. S. salina), Lessertia sp.nov., Cuscuta -p.nov., 
and others. Lemna minor, L, gibba, and Wolffia arrhiza occur locally in 
the pans of the East Rand. Potamogeton pectinaius var. and Zannichellia pedi- 
cellata occur in Brakpan. The pans have a rich plankton, consisting chiefly 
of Copepods and Diatoms. Vohox Rousseleti, and Hydrodictyon (probably the 
recently described H, indicum) occur in Rietfontein pan. The pans have no 
streams flowing out of them, and consequently their mineral content is high, 
becoming almost supersaturated as the dry season approaches. Incrastations 
of salts are of common occurrence on the receding margins of the pans, as the 
water evaporates. 

(b) Streams and their backwaters. The backwaters have the same flora as 
the lakes; and the stream banks yield the same plants as the margins of the 
lakes. 
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I. Introduction. 

Studies on the ecology of bodies of fresh water in this country are very few, 
and what has been done hag been for the most part in lakes and ponds. West 
(38 and 39) has made a general ecological survey of the Scotch lochs, and Pear- 
sall (24) has more recently given an account of the development of vegetation 
in the English lakes, but no other area of water seems to have been properly 
^ Portion of thesis approved for the degree of Doctor of Philosophy of the University of London. 
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investigated as regards the flowering plants, the mosses and the larger algae, 
though some work has appeared on the plankton. 

A greater lack of data is found on the vegetation of rimning water. In 
Types of British Vegetation (Tansley (34)) the vegetation of rivers is divided 
into the subformations of slowly flowing and quickly flowing waters and only 
two pages are devoted to the subject. A preliminary accmmt of the vegetation 
of the River Itchen has already appeared (Butcher (7)), while an account of 
the biology of the River Lark, dealing especially with its pollution by sugar- 
beet effluents (Butcher, Pentelow and Woodley (11)), contains a summary of 
the chief characters of the vegetation. 

In this paper an attempt is made to correlate the various observations made 
by the author on British rivers, to summarise the various factors influencing 
the distribution of vegetation in moving waters, as contrasted with lakes and 
ponds, and to outline the various communities of plants in the same manner as 
has been done for woodland, heath, saltmarsh and mountain. This account deals 
with the flowering plants, mosses and larger algae, such as Ltnuinea and Clado- 
phora, which can be seen and recognised without the aid of a microscope. All 
these forms may be conveniently grouped together and called the macrophytic 
vegetation. 


II. General environment of aquatic plants. 

The special conditions under which submerged aquatic plants live have 
been discussed by many workers, e.g. Arber (2), Gluck (15), and need only be 
mentioned here. 

(а) Water is superabundant, so that problems of water supply do not arise. 
Although there exists in water plants an u})ward current similar to the trans- 
piration current of land plants (Thoday and Sykes (35), Hochreutiner (17)) this 
is not produced by the evaporation from the leaf surface except in water plants 
with floating leaves, so that there is no danger of desiccation from this source. 

(б) The intensity of the light reaching submerged plants is much less than 
that which falls on land plants and on the floating leaves of water plants. It 
has been shown by Regnard (30) that up to 60 per cent, of the light may be 
absorbed in passing through the first 2 m. of water. Oberdorfer (23), and 
Lonnerblad (20) give considerable information as to the amoiuit of this ab- 
sorption, which is very large in turbid waters. There are very few waters that 
are perfectly clear, and the greater the amount of suspended matter the greater 
the light absorption, while the smaller the amount of light reaching the river 
bed the smaller the quantity of macrophytic vegetation. 

(c) The temperature of bodies of water shows relatively small fluctua- 
tions, changes less rapidly and is for the most part lower than that of the air 
(Guppy (16)). Further, as increase in temperature cannot bring with it increase 
in evaporation from the plant surface, high temperatures are not attended by 
disastrous desiccation. Temperature governs the rate of decomposition of 
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organic matter in the water and in the substratum. The effect of temperature 
on the actual growth of aquatic vegetation need not be considered here. 

{d) As indicated by Devaux ( 14 ), Arber ( 2 ) and others the actual quantities 
and proportions of the important gases, oxygen and carbon dioxide, present in 
water are very different from those in the atmosphere, as will be seen from the 
following figures of Winkler, and Bohr and Bock, taken from Bayley ( 3 ). 

Comparing the relative percentages by volume of the three gases dissolved 
in water saturated at normal temperature and pressure, with those available 
in air we have : 



Water 

Air 

Oxygen 

342 

20-8 

Nitrogen 

634 

791 

CO 2 

2-4 

004 


The actual amounts available as c.c. per litre of water and air respectively, 
are : 



Water 

Air 

Oxygen 

10-24 

208-0 

Nitrogen 

18-99 

791-0 

CO 2 

0-68 

4-0 


Obviously both oxygen and carbon dioxide are available in much smaller 
quantities for a submerged water plant, but the diminution in carbon dioxide 
is proportionately much less. And since these figures only relate to dissolved 
CO 2 there is a further large reserve in many waters in the form of dissolved 
bicarbonates. But the rate of diffusion of gases in water is an important com- 
plicating factor, and the results of Brown (6) and later of Butcher, Pentelow 
and Woodley (10) seem to indicate that diffusion is comparatively slow. 

Further, as shown by Butcher, Pentelow and Woodley ( 9 ) in studies on the 
River Lark, the variation of these gases within a single day may be enormous 
in water containing an abundance of green plants. These results, confirmed by 
Hubalt ( 18 ), although obtained in a river, apply also to bodies of still water as 
indicated by Morren (22), who records big variation of oxygen and COg in an 
aquarium, by Chambers (12) who records variations of oxygen between 240 
and 40 per cent, saturation, and finally by Cowles and Schwitalla ( 13 ) and by 
Saunders ( 33 ), who describe variations in and attribute them to photo- 
synthesis. More recently Wehrle ( 37 ), working on still waters of various types 
whose mean values were from 3*5 to 7-5, has produced evidence of diurnal 
variations. The waters of low pH (between 3 and 4) show very little variation, 
while in waters of higher pH his curves are similar to those recorded by 
Butcher, Pentelow and Woodley, the results of whose work may be summarised 
here. 

(1 ) During the day oxygen is produced in large amounts by photosynthesis. 

(2) This oxygen does not immediately return to the atmosphere but remains 
as a supersaturated solution in the water. 

(3) The highest supersaturation figures were obtained when algae were 
most abundant, and it is suggested that this phenomenon is correlated with 
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the size of the gas bubble exuded from the plant surface. This bubble must be 
very minute in the case of an algal cell or diatom and comparatively large 
from the tissues of a phanerogam. 



Variation of Oxygon, pH and Tompcrature at Icklingham. 

Fi«. 1. Diurnal variation of dissolvt^d Oj. and temperature in the River Lark. 

(Reproduced from Pentelow, Butcher and Woodley 

(4) Much of the oxygen produced during the day is used up by the respira- 
tion of plants and animals and by the decay of organic matter in the mud 
during the night, and COg is then produced in large quantities, resulting in a 
considerable fall in the pK value of the water. 

(6) Shortage of free COg during the active assimilating period is made good 
by the absorption of the “half-bound” COg in bicarbonates which are present 
^ Figa. 1, 3, 6 and Phot. 2 and 4 are reproduced by permission of the Controller of H.M. 
Stationery Office. 
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in large quantities in many streams; only rarely is CO 2 a limiting factor (see 
also Wiebe (41)). It has recently been established that normal carbonate is 
present in the Tees at times of great assimilative activity^. 

(6) When water is subsaturated in respect of oxygen the deficiency is only 
made good very slowly by diffusion from the atmosphere and the rate of diffu- 
sion is least in still water (cf. Birge and Juday (4), Alsterberg (1), etc. ). Fig. 1 
shows some typical examples of this variation. 

(c) Mineral salts. There are two sources from which aquatic plants may 
obtain mineral salts: from salts in solution in the water and from the sub- 
stratum. Rooted aquatic plants, although wholly submerged, obtain their 
mineral salts from the substratum and not from the surrounding water. 
Pond (29) showed this to be definitely the case with Ranunculus trichophylluSy 
Myriophyllum spicatum, Potamogeton obtusifolius and Vallisneria spiralis, 
which were found to grow better with a substratum of soil than with one of 
clean, washed sand. On the other hand floating or drifting plants such as 
Ceraiophyllum and Lemna, besides the algae, obtain their mineral salts from 
the surrounding water. Variations in the dissolved salts in the water will there- 
fore be of little consequence to rooted aquatics, but deposition of silt and sus- 
pended matter from the water and the composition of these silts (whether con- 
taining much decaying organic matter or not) or, on the contrary, the removal 
of the substratum by waves or currents, are among the chief factors that 
govern the quantity and variety of macrophytic vegetation both in still and 
flowing water. 

III. Particular characteristics of a river habitat. 

The fundamental difference between a river habitat and that of a pond, 
lake or bog, lies in the existence of a current. The water is always moving in 
one direction and there is a continuous supply of dissolved and suspended 
mineral and organic matter brought in by the drainage water. Part of this 
supply is temporarily trapped as sediment or by the plants and animals 
directly, but it all ultimately reaches the sea and the loss is made good by a 
further supply. Without this the river would become for the most part 
barren, as the deposited silts supply to a large extent the mineral salts of the 
rooted plants and the dissolved matter supplies the algae. 

It may be said, generally, that the effect of flowing water is to reduce the 
amount of variation in most of the conditions outlined above. Risk of death due 
to the failure of water supply is even less than in ponds, and the temperatures 
show less fluctuation and tend to change more slowly even than in still water. 

The quantity and quality of the light falling on the river bed changes 
rapidly in relation to the rainfall. A heavy shower or storm raises the level of 
the water and leads to the introduction of quantities of silt. The resulting 
turbidity, however, lasts for only a short time after the rain has ceased. 

^ I am indebted to my colleague, Mr J. Longwell, for this information. 



R. W. Butcher 


63 


The influence of moving water on the Og and COg relations is to reduce the 
amount of daily variations, and this effect will be proportional to the turbulence 
and speed of the current. Its extent must not, however, be over-estimated, 
since even in the River Tees, with a current of 6000 yards an hour, considerable 
variation in Og and COg can occur in the presence of a sufficient abundance of 
plants (e.g. Cladophora), Rivers full of green plants, whatever their speed, 
will show these variations, but as light is the limiting factor, a flood bringing 
in quantities of turbid water will considerably reduce this diurnal fluctuation. 
On some days therefore there will be little variation, on other days a gre/it deal. 

Effect of current on the stability of the substratum. 

Most important of all, however, is the effect of the current in a river on the 
river bed, which is both the rooting substratum of the large plants and the 
source of their mineral salts. All plants that are to remain permanently in a 
river must be rooted or attached in some way, so that for them stability of the 
bed is of the greatest importance. A river bed consisting of stones that are 
being continually turned over by current and eddies will have no rooted vege- 
tation and no animals (Percival and Whitehead (27)), as they will never get a 
chance to ‘‘settle down.” Similarly with a bed of sand or gravel sudden floods 
will wash away the sand together with the plants rooted in it. 

The strength of the current primarily determines the general nature of the 
river bed as the following table taken from Minnikin (21) shows: 


Velocity of current Nature of river bed 


Greater than 4'b ft. 

per 8C(*. 

Rocks 

„ 30 

Heav^y shinpjle 

„ 20 

„ 10 

>> 

Lipht shingle 

Light gravel 

„ 0(>7 


Sand 

0-42 


Silt 

l.(e88 than 0*42 


Mud and alluvial deposits 


As, however, the velocity of the current is not constant the bed of the river 
will be unstable. A flood will always tend to shift the smaller particles at a 
given place, and when the water subsides new particles brought in from the 
surrounding land, or from other parts of the stream, will again be deposited. 
It is obvious, therefore, that a river bed is very unstable as compared with the 
bottom of a lake or pond, and the greater and more frequent the changes in 
water-level in a given part of a river the less chance there is for plants to 
become permanently rooted there. Rain washes into a river silt and organic 
detritus, the amount and nature of which depends on the nature of the land 
adjacent to its banks; it will be least in mountainous districts, much more con- 
siderable in agricultural districts and greatest in densely populated regions. 
In the last also, sewage, more or less purified, ultimately reaches the river and 
will tend to increase organic matter. This increase is often very considerable, 
since a great many sewage purification works have not the capacity to deal 
with the increased flow at times of heavy rainfall, and the crude sewage over- 



64 


Studies on the Ecology of Rivers 

flows straight into the watercourse and later into a river. This organic detritus 
is light and will therefore be deposited chiefly among the finer muds and silts, 
making these deposits more fertile. In addition to deposition however, pre- 
cipitation and absorption of colloidal organic matter also takes place (Butcher 
( 8 )), and this precipitation will again be greatest among the finer muds. The 
irregularities of a river bed produce local eddies leading to local deposition of 
finer particles, whilst much silt is arrested by dense growths of macrophytes 
as well as by mats of filamentous algae and ‘‘sewage fungus ” when these are 
present in the river in sufficient quantity. 

A good example of this trapping of silt is seen at Low Middleton on the 
River Tees. In May, 1930, a wire was fixed across the river just below some 
patches of Ranunculus fiuitans, and the vertical distance between a fixed 
mark on the wire and the surface of the river bed was 37 cm. In September, 
1930, the plants had grown downstream over the wire and the vertical distance 
had decreased to 15 cm., due almost entirely to the collecting of silt among the 
patches of macrophytic vegetation. 

Mechanical effect of current. 

In addition to, and more or less complementary with, the erodingeffect, there 
is the continual stress and strain the current exerts on the plants in the water, 
tending always to sweep them downstream. It is evident, therefore, that only 
rooted plants can remain stationary and all vegetation will spread downstream. 
There must be some means of the vegetation becoming again established up- 
stream, otherwise the river would become devoid of plants, a tendency which 
can be seen near the source of any river. Obviously this re-establishment may 
be brought about partly by air-borne spores or other disseminules from ponds 
and marshes that only overflow occasionally, or from amphibious plants near 
the banks of the river. 

The greater the current the greater the pull, so that plants in swift rivers 
must either be possessed of strong stems and leaves and efficient rooting 
systems (e.g. Ranunculus Jluitans) or exhibit a close cushion-like growth that 
offers little resistance to the current (e.g. Eurhynchium rusciforme). The fila- 
mentous algae, like Cladophora and Batra^hospernmm, are in a rather different 
category, since parts of the filaments must be continually torn away, although 
the loss is rapidly made good by further growth. 

Floods, 

Periodically the amount of water in any river is greatly increased by high 
rainfall. The resulting augmented strength of the current will act adversely 
on the vegetation. As pointed out above, the substratum, even if of stones and 
boulders, will be moved, and much of the vegetation insecurely anchored in 
gravel and among the stones will be torn to pieces or rooted up by the swirling 
waters. This is well illustrated by the quadrat studies in the River Itchen (see 
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p. 82). The greater the addition to the volume of the water, the greater the 
damage done. From these considerations it is obvious that for the successful 
establishment and maintenance of a colony of plants in a river the same con- 
ditions must obtain for a considerable period, whereas large fluctuations may 
result in the washing away of entire growths in one or two days. Even in 
portions of a river with a very fast current plants can obtain a hold and, when 
once established, will collect silt and organic detritus around themselves, this 
silt in its turn enabling the colonies to increase their area and new plants to 
arise in the shelter of the tufts. A simple increase in volume of the wa^er in a 
river need not mean that damage is done, for in some cases, especially in deep 
rivers, there is comparatively little increase in current in the lower layers, i.e. 
directly above colonies of plants rooted on the bottom. 

General review of river conditions. 

Given therefore similar chemical and physical conditions, such as usually 
obtain for long stretches of a river, the velocity of the current is the most im- 
portant factor. The plant communities should therefore vary according to the 
strength of the current and consequently according to the nature of the river 
bed. These communities can conveniently be summarised as follows: 

{a) Current: very fast. Nature of bed: rocks. The vegetation will be sparse 
owing to lack of organic silt and insufficiency of rooting places. The growth will 
take the form of small cushions, tufts or crusts, e g. mosses, filamentous algae, 
thalloid algae and liverworts. 

{b) Current: fast. Nature of bed: stony. The vegetation will consist partly 
of the same types as under {a) and partly of plants possessing strong stems with 
small leaves (e.g. Siuni erectum, Myriophyllurn spicatum)^ tough and woody 
rhizomes, or roots capable of forming a lattice-work among the stones (e.g. 
Potarnogeton densus). If the colonies become large, silt and organic detritus is 
trapped by them, and plants of the silted community can then establish them- 
selves. 

(c) Current: moderate. Nature of bed: gravel. The vegetation will probably 
be of the same character as the last, but more varied and more abundant as 
conditions are more favourable. 

(d) Current: slow. Nature of bed: sandy. This is a rather loose substratum 
and the vegetation will be sparse except under very uniform conditions, or 
until the bed becomes consolidated by plant growth. The characteristic plants 
will have fibrous roots (e.g. Callitriche stagnalis) or matted rhizomes (e.g. Spar- 
ganimn simplex) and weak or strong stems; but above all they will exhibit a 
rapid growth that will enable them quickly to push through a covering layer 
of sand and silt. Mosses and attached algae {Cladophora and Batrachospermum) 
will be absent save on piles or embankments, as there is no other firm sub- 
stratum to which they can attach themselves. This is shown by Richards ( 31 ) 
to be the case in the streams of Middlesex, including the Thames. 

Joum, of Ecology XXI 
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(e) Current: very slow. Nature of bed: silt. The vegetation will be abundant 
and of the same character as under (d). The dominant plants will be those with 
small and very abundant roots, forming mats or tufts and capable of with- 
standing continual smothering with silt or sand (e.g. Elodea canadensis). 

if) Current: negligible. Nature of bed: mud. The vegetation will approxi- 
mate to that of a pond or the shore of a lake. Erect reeds will be present and 
plants similar to those under (e) will live among them. The underground parts 
will be composed either of fibrous roots or of thick rhizomes. 

The effect of sudden heavy floods will in general be to reduce the quantity 
of the vegetation and cause it to approximate more closely to the communities 
of the swifter water above. Equable conditions with few floods will cause the 
vegetation to change in the direction of that characteristic of the community 
in the slow-flowing water below. The effect of turbid or deep water will be to 
diminish the quantity of vegetation, because of the considerable reduction in 
light intensity (cf. Pearsall (25)). 

The different communities of plants foimd on the various types of river bed 
have been given special names in my papers on the Lark and Itchen, and this 
terminology can now be widened as follows: 

Type of bed Commuviiy 

Boulders Torrential 

Large stones Non-silted 

(Silt Silted 

Mud Littoral 

When different rivers on different geological formations are considered it is 
evident also that anything that changes the chemical composition of the water 
and therefore of the substratum will also change the vegetation to a greater 
or less extent. 

General review of English rivers. 

As pointed out above, the essential character of a river is that the water is 
continually moving towards the sea except where it comes under the influence 
of tides, but beyond this there is no general feature and many differences are 
to be found. 

Considering first the origin or source of a stream three different types can 
be distinguished : 

Group 1. Those rising in high hills or mountains, e.g. Tees. 

Group 2. Those rising from springs and from the drainage of fairly low- 
lying lands, e.g. Lark, Itchen and Chess. 

Group 3. Those that rise in low-lying marsh or fenland, e.g. Little Ouse, 
Waveney, 

Those in the first group comprise many of the rivers in Northern England 
and Wales and are characterised by the swiftness of the current in many parts 
of the course, the presence of natural waterfalls or cascades and the incidence 
of very heavy floods due to the large area of the gathering grounds, the high and 
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sudden rainfalls, the steepness of slope, and the comparative impermeability 
of the rocks which involves a large amount of surface drainage. Sudden 
increases in level of from 5 to 12 ft. are not infrequent in some of these streams. 
Those in the second group comprise most of the streams of Southern England 
and many of the small feeders of the larger rivers. The current is dependent on 
the elevation of the source as compared with the length of the stream, but it 
is never torrential and, what is more important, floods are inconsiderable or 
gradual — a rise of 3 ft. being a great deal — as there is comparatively little 
surface drainage in contrast to sub-surface drainage. Those in the third group 
are rare. They are slow-flowing and contain a fairly high amount of dissolved 
salts derived from the marshes and fields in which they rise. 

These rivers may further be classified according to the nature of the sub- 
stratum and the chemical composition of the water. The usual classification 
is calcareous streams and non-calcareous streams, but this can be further 
extended as follows : 

(a) Non-calcareous and highly acid waters have a hardness figure of less 
than 2-0 parts per 100,000 CaCOg . Rivers of this group are rare. That colouring 
of the water by peat is no indication of acidity is shown by the River Tees, 
whose waters, even when very brown, have a jpM of 7*0--7*5. The best examples 
of streams of this first type that I have observed are (1) the New Forest streams 
with a pH of about 6*5 and belonging to group 3 above (the streams rising 
from lowland bogs), (2) the streams in Ross and Sutherland belonging to 
group 1 above (the highland streams). 

{h) Slightly calcareous and almost neutral waters have a hardness figure 
between 2-0 and 10*0 parts per 100,000 CaCOg and are not rare. I have in- 
vestigated no good samples in groups 2 and 3, but the Tees is a good example 
of group 1. 

(c) Moderately calcareous and alkaline waters have a hardness figure be- 
tween 10 and 20 parts per 100,000 CaCOg and are represented by the River 
Tern in group 2 and the lower Tees after the confluence of the Skerne in group 1 . 

(d) Highly calcareous and alkaline waters with a total hardness figure 
above 20 parts per 100,000 CaCOg are frequent. The Little Ouse is an example 
of group 3, the Itchen, Lark, Chess and Skerne of group 2 and the Wharfe 
of group 1. 

All rivers are modified by the inflow of organic matter as they pass agri- 
cultural land and large towns, a process which may be termed pollution or 
better still eutrophication. The above groups can thus be again subdivided 
according to their organic content into those which are very rich, poor, or very 
poor in organic substances. 

As a river flows towards the sea there is a continual increase in the volume 
of water, in size and depth, and in the amount of suspended matter. When a 
river becomes so deep and so turbid that there is not sufficient light penetrating 
to the river bed to admit the growth of macrophytic vegetation, an entirely 

5-2 
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dijfferent type of river results which does not enter into the scope of the present 
paper. Examples are afforded by the Warwickshire Avon and the lower parts 
of the Thames, Trent and Severn. 

Development and alteration of rivers. 

There are thus at least twenty-four possible variants in the physical and 
chemical characters of a river and these are further complicated by the altera- 
tion due to man, resulting from the fuller use of rivers for (1) drainage, (2) water 
supply, (3) water power, (4) navigation, (5) as a fishery, and (6) as a channel 
for the taking of refuse. 

Drainage. Probably the most important function of a river is that it should 
act as a drainage system, conveying away to the sea the rain water that falls on 
the land. The swift rivers, where periodic increases in water are large, fulfil this 
function well, but the streams of the lowlands (e.g. the fenland rivers) are less 
efficient and therefore have to be dredged and cleared out at times, so that 
water plants are periodically removed; also sluices are often built and new 
channels are cut. An excellent illustration of changes brought about by drain- 
age works is seen in the Ouse at Earith, Hunts., where the Bedford rivers 
(artificial canals) take away most of the water that it must have contained in 
former times. 

Water supply. River waters are also used as a source of domestic water 
supply. The purest water is most in demand, so the supplies are usually taken 
near the source of the river. The use of water from springs diminishes the 
volume in the upper part of the river, while the construction of collecting 
reservoirs has the same effect and reduces the frequency of the floods. 
When a service reservoir is built the volume and rate of flow of the stream 
below it becomes almost constant throughout the year. Such alteration is 
well illustrated in the River Colne (Herts.), where the diminished volume 
of water has resulted in the silting up of large portions of the upper reaches 
and has changed the vegetation from that of a river to that of a pond or 
lagoon. 

Water power. From the earliest times rivers have been used as a source of 
power to turn machinery and grind corn. To enable this to be done a dam is 
built across the stream to hold back the water. This causes a slowing down of 
the currents for a certain distance above the dam. Examples of some of the 
resulting changes are to be seen in the Itchen (Butcher (7)) and in the Lark 
(Butcher, Pentelow and Woodley ( 11 )). 

N avigation. Navigation has taken place on suitable portions of rivers from 
time immemorial, but there have been continual efforts to make other rivers 
navigable (e.g. the River Lark whose navigation act is dated 1700), and these 
efforts reached their climax at the end of the eighteenth century when so many 
of our canals were constructed. This interference with natural rivers has 
brought about a very marked change in their physical and biological condition 
owing to slowing down of the current, widening of the river bed and the cutting 
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of new channels. Excellent examples of this are the River Gade and the Grand 
Junction Canal, the River Gipping and the River Lark. 

Fish production. In order to increase the number and size of the fish in a 
stream, alterations are made such as building small dams, regular cutting of 
weeds and digging out new channels. These are rarely large enough to effect 
any marked change. 

Refuse disposal. Finally, man sees in a river a convenient means of dis- 
posing of his refuse and of his waste water. Where the density of population 
is very small and the volume of water great, little harm is done, but during the 
last 150 years the population has greatly increased and England has changed 
from a rural into an industrial country. Domestic and trade refuse has been 
emptied into the rivers in ever-increasing quantity, so that in course of time 
many became foul-smelling and the bearers of disease. In the middle of the 
last century there came the inevitable reaction against this pollution, and the 
Royal Sewage Commission was formed, whose reports (32) have appeared from 
time to time; many sewage disposal works have been erected and an improve- 
ment in many of our streams is noticeable (sec Royal Sewage Commission (32)). 
But, as industries and populations grow quicker than methods for purification 
of the waste waters, fresh cases of pollution are continually arising, and bring 
with them profound changes in the biology and ecology of the streams (see 
particularly Butcher (11 a)). 

IV. Consideration of examples of the main types of rivers. 

This section shows how the more characteristic plant communities of certain 
streams conform to the general principles outlined above. Not all the diverse 
kinds of rivers mentioned have been properly examined, but there are suf- 
ficient data to show a definite relation between certain physical and chemical 
characters of a stream and its vegetation. 

A. N on-calcareous and acid rivers. 

From low-lying marshland. 

The New Forest streams. These streams rise in bogs amid woodland and 
none are of very large size. They are usually clear and exhibit slow^-flowing and 
freely flowing portions, while the water is poor in mineral salts. The vegetation^ 
is as follows: 

(a) In the stony and rapid-flowing portions: 


Ranunculus jTseudo-fluitans 

d. 

C’al litriche intermedia 

f. 

Myriophyllum alterniflonnn 

f. 

l*otamogeton pusillus 

r. 

Potamogeton alpiiius 

o. 



(6) In the slow-flouring portions 

; 



Myriophyllum altemiflorum 

f. 

Potamogeton alpinus 

f. 

Potamogeton polygonifolius 

f. 

Montia fontana 

o. 

Myosotis repens 

o. 

Sparganium simplex 

o. 

Nitella opaca 

o. 

Apium inundatum 

r. 


^ In this paper the notation indicating the frequency of the various plants is as follows: 
d. dominant, c.d. co-dominant, s.d. sub-dominant, a. abundant, f. frequent, o. occasional, r. rare. 
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(c) In the silted strikes. These are the only places where the vegetation is 
at all plentiful, the chief plants being : 

Potamogeton polygonifolius d. Callitriche stagnalis a. 

P. alpinus f. Ranunculus L^normandi f. 

Scirpus fluitans f. Juncus supinus f. 

Nymphaea lutea f. Callitriche intermedia r. 

The sparseness of the vegetation resembles that of the non-calcareous 
streams in the west oi England and in Surrey. None oi these latter have been 
thoroughly investigated, hut in the River Leven, Lancashire, for example, 
the dominant plants are : 

(a) In the swiftest portions among stones : Ranunculus fluitans, Myrio- 
phyllum spicatum. 

(b) In the slower flowing portions on gravel: Potamogeton nitens, Myrio- 
phyllum spicatum, 

(c) In the silted stretches : Callitriche intermedia. 

Lake Windermere, whose waters form the river, has a pYi of 7*2 and a 
CaCOg content of 0*88 parts per 100,000. 

The River Mole {Surrey). In this stream Potamogeton heterophyllus is 
common in sandy places, while P. Friesii and P. obtusifolius are the com- 
monest plants in the muddy stretches. 

B. Very slightly calcareous hut alkaline rivers. 

Rising in mountainous districts. 

The River Tees rises on Cross Fell and has an acid water (yH about 5*0 
from one observation^), but within a very short distance from its source 
it comes into contact with outcrops of limestone and the is almost 

immediately raised to about 7*6, this value being maintained for the rest of its 
course. The calcium content remains low (about 5*6 parts per 100,000 CaCOg) 
until after the junction with the Skerne. The river is one of the swiftest in 
England and floods are numerous and extensive, a rise of 3 or 4 ft. within 
24 hours is frequent. As is to be expected on the basis of the considerations put 
forward in section III the river is for the most part devoid of phanerogams and 
the only macrophytic vegetation consists of mosses and larger algae, the 
commonest of which are : 

Fontinalis antipyretica a. Eurhynchium rusciforme a. 

Lemanea fluviatilis a. Cinclodotus fontinaloides >> o. 

L. mammillosa o. Grimmia fontinaloides r. 

Amblystegium fluviatile o. 

Even in the comparatively slow-flowing stretches macrophytic vegetation is 
scarce. One reason for this lies in the fact that the bed consists for the most 
part of solid rock, and some stones and sand. The latter form a very unstable 
substratum during the frequent floods, and in this no plants can retain a hold 

^ Teste J. Longwell. 
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I’hot. 2. Silted association in River l.ark. Dominant plants are Sagittaria 
sagittijolia and Sparganmm simplex. 
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for long. On the surface of solid rocks only the cushion-like mosses and algae 
can anchor themselves securely enough to resist the frequent scouring by floods. 

An exception is found above Cauldron Snout in a pond-like expansion of the 
river bed known as the weel. Here, owing to the much smaller volume of water 
and the smaller current, flooding does not interfere to any great extent with 
the river bed, which consists of sand and gravel. The plants growing here are: 
Potaniogeton alpinus 


Callitriche intermedia 
Fontinalis antipyretica 


f. Sparganium simplex 
o. S. affine 
r. Equisetum palustre 


C. Moderately calcareous rivers. 

Rising in mountainous regions. 

The River Tees. Below the confluence of the Skerne the calcium content of 
the Tees increases to about 12-0 parts per 100,000 CaCOg, and the river may 
be considered as a representative of the moderately calcareous type rising from 
mountains. In this portion the swiftest stretches still have a bed of stones and 
boulders and here the vegetation is sparse and similar to that found in the 
upper reaches, viz. : 

Fontinalis antipyretica f. Eurliynchimn ruscift)rme f. 

Grimmia fontinaloides r. Ainblystegiiira fluviatile r. 

and at times : 

Cladophora glomerata Lemanea mammillosa 

In the somewhat slower flowing stretches, where the bed is composed of large 
and small stones, the vegetation consists of: 

Raniinculus fluitans d. Potainogcton interruptus s.d. 

Fontinalis antipyretica f. Eurh>iichium rusciforme r. 

(see PI. IX, phot. 1). 

Where the current is of medium strength the river bed consists of gravel and 
the vegetation is sparse, but when once established the plants collect a large 
amount of sand and are thus able to secure a hold. The plants found in such 
places are : 

Ranuncuhis fluitans 
Myriophyllum spieatum 
Elodea canadensis 
Nitella opaca 

Beds of fine mud and silt are only found as small patches near the banks and 

there are no extensive stretches of silt that could support a silted community. 

On the small areas of silt near the banks there occur : 

Elodea canadensis 
Nitella opaca 

The River Wharfe ( Yorh^hire). Another example of a moderately calcareous 
river rising among the hills, but with a slower flow than the Tees, is the River 
Wharfe, which rises on the Millstone Grit but very soon (at Kettlewell) flows 
over mountain limestone. Lower down, for the sixteen-mile stretch from Bolton 


d. 

Potamogeton interruptus 

s.d. 

r. 

P. crispus 

f. 

r. 

P. piisillus 

r. 

r. 

P. perfoliatus 

r. 


f. Potamogeton crispus 
r. Callitriche stagnalis 


f. 

o. 
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Abbey to Harewood, the underlying substratum is millstone grit, after which 
it is once more calcareous (Magnesian Limestone). Parts of the river are very 
swift, and it is subject to fairly considerable and sudden rises in water-level. 
Vegetation is sparse, particularly above Ilkley, and for the most part consists 
of mosses. The calcium content of the water is about 12-0 parts per 100,000 
CaCOg ( 40 ). This river becomes more calcareous in the lower part of its course. 
Following are the chief plants : 

{a) A mong rocks and boulders in the upper portion : 

Fontinalis antipyretica f. Eurhynchium riisciformo f. 

Amblystegium fiuviatile r. Cinclodotus fontinaloides r. 

(6) In the swift portions lower down among large stones: 

Ranunculus fluitans d. Potamogeton densus f. 

Fontinalis antipyretica f. Eurhynchium rusoiforme f. 

Lemanea spp. f. Sium erocturn o. 

Batrachospermum spp. o. Cinclodotus fontinaloides o. 

(c) In the slower portions among gravel: 

Potamogeton perfoliatus d. Sparganium simplex f. 

Ranunculus fluitatis f. Chara vulgaris r. 

Elodea canadensis r. Callitriclie stagnalis r. 


From low hills. 

The River Tern {Shropshire)^ with a pVi of about 8d) and a calcium content 
of 18‘0 parts per 100,000 CaCOg, can be taken as an example of a moderately 
calcareous river of this type. There are several others in various parts of 
England (e.g. the Tame in Warwickshire). 

The Tern is not liable to sudden floods, though the water rises gradually 
and to a considerable height during the wet seasons. The water is usually turbid 
and this has the effect of reducing the amount of vegetation, especially in the 
slow-flowing and deep portions. 


(a) In the fastest stretches which have a bed of coarse gravel: 

Ranunculus fluitans s.d. Myriophyllum spicaturn s.d. 


(6) In the medium stretches with a bed of fine gravel: 


Sparganium simplex 

d. 

Sagittaria sagittifolia 

Polygonium amphibium 

f. 

Scirpus lacustris 

Callitriche stagnalis 

f. 

Elodea canadensis 

Potamogeton crispus 

o. 

Potamogeton pectinatus 

P. perfoliatus 

o. 

-x'"" 


f. 

f. 

o. 

o. 


(c) In the slow muddy stretches. Submerged vegf^^jition is almost absent. 
This may be due, as pointed out above, to (1) the^stable substratum of sand 
and mud, (2) the low light intensity resulting from the frequent turbidity of 


the water, or (3) the “exhaustion” of the substratum. A certain number of 
erect plants however grow near the banks forming a littoral zone. These are : 


Sparganium erectum 

d. 

Sagittaria sagittifolia 

f. 

Myosotis palustris 

f. 

Alisma Plantago 

o. 


Scirpus lacustris 

s.d. 

Butomus umbellatus 

f. 

Nasturtium amphibium 

0. 

Typha latifolia 

o 
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D. Highly calcareous rivers. 

Rising atrutng mountains. 

The River Dove {Derbyshire). No river of this type has been thoroughly in- 
vestigated, but the Derbyshire streams are very good examples and particu- 
larly the River Dove. These rivers are among the cleanest and best of trout 
streams. They are in their upper reaches subject to moderate floods which tend 
to reduce the amount of vegetation, so that, unlike the chalk streams of 
Southern England, there is no need to keep down the weeds by cutting. 

(a) In the fastest stretches of the Dove which lie in the upper reaches 
between Axe Edge and Hulme End the river bed is almost bare of flowering 
plants but some mosses occur, viz. 

Fontinalis antipyretica f. Eurhynchiiim ruaoiformo £. 

CinclodotuH fontinaloides o. Amblystegium liuviatile r. 

(b) In the fast-flowing stony stretches from Hartington downwards there 


occur : 

RanunculuH fiuitana 

d. 

Siiirn ercctuni 

a. 

1 ta ni og(* ton dcriHii.s 

o. 

Apium nodiHonirn 

r. 

Veronica Anagallis 

o. 

M yosotia paluatris 

r. 

(c) In the gravelly stretches: 

Sf)arganium 8ira})lcx 

a. 

Ranunculus fluitana 

a. 

Miinulua LangsdorBii 

o. 

Potaniogeton perfoUatua 

f. 

Potaniogeton densua 

r. 

P. criapua 

r. 


{d) In the very slowest stretcher with a bed of fine mud there can usually be 
found : 

Callitriclu* stagnalis a. Elodea canadensis f. 

The vegetation has, however, not been examined in detail below Hanging 
Bridge, where silted stretches are more frequent. These silted parts tend to 
have a much sparser vegetation than the stony and gravelly stretches, and this 
may again be due to any of the factors mentioned on p. 85, viz. unstable sub- 
stratum or exhaustion. This type of river differs from the next two types in 
the presence of a torrential community composed chiefly of mosses, also in the 
absence of a well-marked silted community and in the comparative abundance 
of mosses throughout. 

Rising among hills and from springs. 

This type of stream is extremely common in Southern England and there 
are several good examples in the north, e.g. The Hull (Yorkshire). 

The River Itchen {Hampshire) is a typical instance of such streams, which, 
like those just mentioned, are very good trout waters. The pH of the Itchen is 
between 7*0 and 8-0 and the calcium content 23*0 parts per 100, 000 CaCOg. 
The water is very clear. The average rate of the current is somewhat greater 
than that in the group of rivers last considered, but as with them, water-level 
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and current remain relatively constant so that vegetation is abundant. The 
vegetation of the Itchen is as follows: 

(a) In the fastest stretches: 


Ranunculus psoudo-fluitans 

d. 

Apium nodiflorum 

s.d. 

Sium erectum 

s.d. 

Potamogeton densus 

a. 

Fontinalis antipyretica 

Veronica Anagallis 

a. 

Nasturtium afficinale 

a. 

f. 

Mimulus Langsdorffli 

r. 

Oenanthe fluviatilis 

r. 

Cladophora sp. 

r. 

(6) In the gravelly stretches with medium current: 


Hippuris vulgaris 

s.d. 

Sparganium simplex 

s.d. 

Oenanthe fluviatilis 

a. 

Scirpus lacustris 

a. 

Elodea canadensis 

f. 

Callitriche stagnalis 

f. 

Potamogeton densus 

f. 

Potamogeton crispus 

r. 

Lemna trisulca 

r. 

Ranunculus fluitans 

r. 

Ranunculus pseudo -fluitans 

r. 

Apium nodiflorum 

r. 

Sium erectum 

r. 

Typha latifolia 

r. 

(c) In the slow-flowing stretches, 
Elodea canadensis 

d. 

Callitriche stagnalis 

s.d. 

Hippuris vulgaris 

a. 

Sparganium simplex 

a. 

Oenanthe flu viatilis 

f. 

Potamogeton pusillus 

f. 

Potamogeton crispus 

r. 

P. densus 

r. 

Ranunculus fluitans 

r. 

Vaucheria sp. 

r. 


It will be noted that these communities are very similar to those of the Lark 
(see p. 75), save that the silted community is not so well represented owing to 
the fact that there is very little fine silt and mud in the Itchen. In other streams 
of this type (e.g. the Gade and the Ver (Hertfordshire) and the Skerne (Durham)) 
the same communities are recognisable, with either Ranunculus fluitans or 
R. pseudo-Jluitans as a dominant. Certain plants are confined to certain groups 
of rivers, e.g. Oenanthe f uviatilis to the rivers in the south and Potamogeton 
interruptus to various isolated rivers, most of which seem to have a high chloride 
content: Hippuris vulgaris also is by no means ubiquitous as a river plant. 

Rising from low-lying land. 

The River Lark {Suffolk), Most of the rivers of East Anglia and the Fens 
can be included in this group. They have a pH of 7-0-8-0 and a calcium content 
of about 25 parts per 100,000 CaC 03 . The water is usually fairly clean and the 
average current is slow, so that there are no torrential portions nor parts of the 
river bed made up of boulders. There are no sudden rises of water level, but on 
the other hand flood water remains in the river for some time. The vegetation 
is very abundant and frequently has to be cut. Mosses, except for Fontinalis, 
are absent, apart from an occasional moss on the piers and artificial embank- 
ments (see Richards ( 31 )). 

(a) In the fastest stretches of such rivers, where the bed consists of stones, 
a community with Ranunculus fluitans as the dominant plant is found. Its 
constituents are : 

Ranunculus fluitans d. Potamogeton densus f. 

Oenanthe fluviatilis f. Spar^anium simplex r. 

Sium erectum r. Jnntinalis antipyretica r. 

Apium nodidorum 


r. 




IMioi. 4. Utloral association in Ivivcr Lark. Summer growtii of Spar^(iinu)H cii Ctitni. 

BUTCHER Studiks on the Ecoloo.v of Ri\ fks: I. Distribu- 
tion oi' Mackobhvtic Vf(;ktation in the Rn eks oe Britain 

I 'acc p. 7_| 


rhot. 5. Littoral association in Liver Lark. Winter conditions to compare with Phot. (>. 



Phot. 6. Littoral association in River Lark. Same place as Phot. 5. 

Summer growth of Glycevia aquatica, 

BUTCHER — Studies on the Ecology of Rivers: I. Distribu- 
tion OF Macrophytic Vegetation in the Rivers of Britain 
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(b) Where the current is slow the river bed consists of sandy gravel and 
Sparganium simplex becomes the dominant plant of the community, the com- 
position of which is as follows : 


Sparganium simplex d. 

Potamogeton perfoliatus f. 

Elodea canadensis 

Callitriche stagnalis o. 


(see PI. IX, phot. 2). 


Sagittaria sagittifolia 

8.d. 

Potamogeton crispiis 

f. 

P. praelongus 

r. 

P. pusilluB 

r. 


(c) Where the current is still slower and the river bed is composed of fine 
mud, vegetation is abundant and Potamogeton lucens becomes the dominant 
member of a very varied community with : 


Potamogeton lucens 

d. 

P. natans 

f. 

Nuphar luteum 

f. 

Zarmichellia pains tris 

o. 

Sparganium ereetum 

r. 


Potamogeton pectinatus 

s.d. 

Sparganium simplex 

a. 

Potamogeton crispus 

f. 

Callitriche stagnalis 

o. 

Scirpus lacustris 

r. 


(see PI. X, phot. 3). 


(d) Several of the rivers in East Anglia (the Gipping, Lark, Little Ouse) 
have been canalised, but have since fallen into neglect. As a consequence there 
are stretches with scarcely any current in which there is a heavy deposit of 
fine mud, which has become colonised by a community of plants, similar to 
that found on the edge of a pool or near the banks of the river. Two plants play 
a principal role in this littoral community, viz. Sparganium erecium oi Glyceria 
aquatica, but the areas where either of these is dominant may follow each other 
in rapid succession. Glyceria aquatica appears to prefer the shallower water 
nearer the bank and the uppermost parts of the river. The community consists 
of: 

{a) Erect reeds: 

Sparganium ereetum d. Glyceria aquatica d. 

Phalaris anindinacea f. Typha latifolia f. 

Scirpus lacustris f, Alisma Plantago f. 

{b) In open places there occur among these the common plants of the 
silted association mentioned above (see Pis. X and XI, phots. 4-6). 


Summary of the types of rivers. 

The dominant vegetation of the various types of river considered are given 
in Table I. This and the preceding data indicate clearly that the vegetation of 
a river is determined by the speed of the current, which itself determines the 
nature of the river bed. The destructive effects of floods are well illustrated by 
the general sparseness of the vegetation of rivers rising in mountainous regions 
(e.g. Tees and Wharfe) as compared with lowland rivers or even with those 
which form the outflow of a lake (e.g. River Leven, Lancashire). There is very 
little difference in the nature of the vegetation of the highly calcareous waters 
of the Itchen and the Dove, but in the latter the vegetation is sparse, whereas 
in the Itchen it is so plentiful that it has to be cut. This difference is probably 



Table I. Dominant plants in various types of river. 
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due to the larger floods that occur in the Dove. The difference between cal- 
careous, non-calcareous and acid streams seems to be one of degree and one 
type of river merges into the other. There are, however, as Watson (36) has 
pointed out, some plants that are only found in highly calcareous rivers and 
some that only occur in acid waters. On the other hand, as the vegetation lists 
show, a large number are to be found indifferently in all kinds of waters. 

In the various rivers considered there are almost always two distinct types 
of vegetation, one in the fast-flowing stretches with a bed of stones, anotfc jt in 
the slow-flowing parts with a bed of sand and mud. They are designated the 
nou'silted and silted communities respectively. In all very fast rivers there is 
also a sparse community growing on rocks and boulders and designated the 
torrential community. At the other extreme, in muddy portions of slow-flowing 
rivers and canals, there occurs a growth of plants described as the littoral com- 
munity because it consists of plants that usually occur on the shores of lekes 
and ponds. Intermediate between the silted and non-si Ited communities one 
can distinguish yet another type, designated the partly silted community, 
which comprises plants usually found on fine gravel. 

The dominant plants of these different communities are given in Table I. 
The torrential community is dominated by mosses, the non-siltcd community 
by Ranunculus jluitans, R. pseudo-fluitans and Myriopkyllmn spicatum, the 
latter having a preference for non-calcareous waters. The partly silted com- 
munity is more varied, but Sparganium simplex and certain species of 
Potarnogeton are usually dominant in all waters, and in addition P. perfoliatus 
and P. crispus are abundant in calcareous waters. The silted community 
is dominated by P. lucens^ P. pectinatus and Callitriche stagyialis in calcareous 
rivers, and by J uncus supinus and Potarnogeton heterophyllus and various 
other plants in acid waters. 

Effect of artificial changes on the vegetation. 

The preceding observations will have shown that the most productive river 
and the one likely to fulfil best the functions outlined on p. ()8 is one in which 
conditions are not extreme and in which the water is neither very deep nor 
turbid. 

On the one hand, rise and fall of the water causing pronounced floods leads 
to a vegetation which is too sparse, while slow-flowing rivers, such as those of 
the eastern counties, often harbour too much vegetation. Deposition of silt 
at first increases the fertility of a river, but an excess is certainly deleterious, 
because as shown by Butcher, Pentelow and \\oodley ( 11 ) the layers of water 
above the silt become deoxygenated and the fauna is neither so varied nor so 
plentiful. The “ideal” river will have alternate fast-flowing and slow-flowing 
stretches, little flooding, yet sufficient occasional rise of water to prevent too 
great an accumulation of silt. 

The above-mentioned changes introduced by man, viz. canalisation, building 
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of dams and abstraction of water, have all tended to cause rivers to diverge 
from the ideal condition because they usually increase the deposition of silt. 
These alterations interfere most with small and slow-flowing streams ; in fast- 
flowing rivers such changes tend to bring about less extreme conditions and 
in them a certain decrease of current and more deposition of silt are all to the 
good. 

Effect of sewage pollution. 

A large number of English rivers receive a greater or less amount of domestic 
sewage in various stages of purification. Gross pollution results in the stream 
becoming barren save for the various species of sewage fungi and Protozoa and 
a few oligochaetes and chironomids which can live in the deoxygen ated water. 
Sewage has three main effects on a stream: (1) deoxygenation of the water, 
(2) silting, (3) introduction of organic matter and therefore increase of fertility. 
Deoxygenation does not at first affect the macrophytic flora, but later there is 
a distinct weakening of the stock. There is always a large quantity of fine silt 
in a sewage effluent and more is frequently precipitated from the colloidal 
organic suspension as the effluent mixes with the river. The growths of the 
sewage fungus community collect this fine silt which in a fast river would not 
otherwise be deposited. Thus the river bed becomes covered with organic silt, 
so that the vegetation will belong to the silted community even in a river which 
is fast flowing. This is well exemplified by Fig. 3, which is a plan of the River 
Lark at Lackford. Sewage enters the river at AB^ and along its track one finds 
a characteristic silt-loving plant, Potamogeton pectinatm, whereas the rest of 
the vegetation is that typical of the non-silted community. 

The effect of the large quantity of sewage brought into the Tees by the 
River Skerne is seen in the increased quantity of macrophytic vegetation and 
particularly in the growth of masses of Cladophora glonierata in the months of 
May and June. The extent of this growth can be seen in PI. XII, phots. 7 and 8. 
As this alga grows best in the gravelly and free-flowing stretches of the Tees 
several miles below its junction with the Skerne, there seems no doubt that it 
is the food material present in the sewage and not the silt that causes this huge 
growth. There is, however, the possibility that the increase in the calcium 
content of the Tees due to the Skerne is responsible. The distribution of 
Cladophora in the river elsewhere is against this assumption, and the 
figures given in Table II suggest that organic matter is the determining 
factor. This alga grows in abimdance in the River Balder at Balder-Foot, 
though not in the River Lime. Both these are streams of soft water and 
tributaries of the Tees, and the only difference between them is that the 
former receives sewage and the latter does not. The conditions are best seen 
in Table 11. 

From this table it is clearly indicated that Cladophora grows where organic 
matter is high as shown by the abundance of nitrogenous matter and absorbed 
oxygem 
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I 'hot. 7. I<i\rr at I*>\'li()lino in June in2(j showing 

g r ( n\ 1 1 1 (.) f Clad /? Ji o i a . 



Pilot. S. Kiver Tees at Iu'\’holine in )nl\' 1020 after a tloo<l liad 
washed away llie growth of Cladophuya. 
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Table II. 

Expressed as parts per 100,000 





Hardness 

Free 

Albu- 

minoid 


Oxygen 

absorbed 


PoBition 

in terms 

ammonia 

ammonia 

Organic 

in 4 hours 


of CaCO., 

as Nj 

as N 2 

N 2 

at 80“ F. 

Remarks 

Ery holme (River Tees) 

10 

0*028 

0*034 

0*114 

0*959 

Clado'phora very 

Below Barnard Castle sewage 
works (River Tees) 






alfundant 

8 

0018 

0*018 

0 054 

0G03 

Ckidopf ora plentiful 

Above Barnard Castle (River 
Tees) 

8-5 

0*012 

0*03 

0*212 

0*231 

Cladophom absent 

High Force (River Tees) 

e-fj 

0*012 

0*025 

OOG 

0-758 

Clad-ophora absent 

Balder-Foot, Cotherstone 
( River Balder) 

5-75 

oo:i2 

0*038 

0*08 

0*989 

Cladophora abundant 

Mickloton (River Lune) 

GO 

0*0005 

— 

— 

— 

Clmhphora absent 


There are no flowering plants in the Tees above its junction with the Skcrne, 
but there are a number below that point in spite of the faster flow. The domi- 
nant plant is Potamogeton interruptus, a species that usually occurs in the partly 
silted association on gravel and is not found on stones. It is not clear at present 
whether this change is due to the silt from the sewage or its chemical composi- 
tion (though probably the latter) because the food supply of rooted plants is 
dependent on the river bed and what is there deposited. 

There is every indication from other observations that an increased volume 
of vegetation and the replacement of the non-silted by the silted community 
are a general effect of sewage pollution in all rivers. 


V. Biological problems. 

The growth and mode of spread of the macrophytic vegetation of streams 
has been studied by means of quadrats in the River Itchen and the River Lark, 
and some of them are reproduced in Figs. 2 and 3. The Itchen at Alresford is 
a narrow stream 4^ metres wide with a current flowing at the rate of about one 
mile per hour. The transect selected was 10 metres long and extended across the 
entire width of the stream. In the lower half of the transect the plants were 
dug out of the river bed in order to create a bare patch where colonisation could 
be studied. The vegetation on the transect was plotted four times a year for 
three years. 

The River Lark at Lackford in Suffolk has a considerably slower flow than 
the Itchen, but the place chosen for the transect was one of the swiftest in the 
river (current about 0-5 miles per hour). This spot was selected because the 
sewage effluent that enters at AB (Fig. 3) brings considerable quantities of silt, 
and the changes due to its deposition are well shown. This transect was 6 by 
10 metres and the vegetation was plotted three times in the course of two 
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years. The plants found on the respective plots in the two rivers were as 
follows : 

River Itchen. 

Kaiiunculus pseudo -fluitans Potainogeton densus (only in the dug up plot— 

Sium ereotum never reappearing) 

Callitriche stagnalis Fontinalis antipyretica 

Vaucheria sp. 


Ranunculus fluitans 
Potamogeton pectinatus 
P. densus 

Sparganium erectum 
S. simplex 


River Lark. 

Siuni erectum 
Callitriche stagnalis 
Oenanthe fluviatilis 
Elodea canadensis 


The results obtained from the study of these transects clearly demonstrate 
some of the most important biological problems of river vegetation to be 
considered below. 


A . 1 mpermanence of vegetation . 

In the first place it is evident that the vegetation is not permanent. No 
two charts of the same plot are alike. The plants tend to move downstream into 
unoccupied areas, while those areas recently occupied are left bare. This is well 
shown by the strip of Sium erectum on the left-hand side of the Itchen transect. 
It originated from the growth along the bank and spread towards the centre. 
The flood of December, 1927, thinned out the portion in the open water away 
from the bank, but did not affect the thick growth in the more protected por- 
tion. Yet in the following March the region near the bank was quite bare, 
whilst there was a dense growth in the open water. This is just the reverse of 
what would happen on a piece of waste land, if the plants on a part of it were 
thinned out. It raises the question whether the places in which the Siuyn 
erectum, disappears have become sterile. This is a possible explanation because, 
as emphasised above, such submerged plants obtain their food from the river 
bed and not from the surroimding water. The river bed is moreover stony owing 
to the strong current and there is no appreciable deposition of silt, so that some 
time will elapse before the fertility of such an area is restored. The stronger the 
current, the more marked one might expect this effect to be. This factor, to- 
gether with the destructive action of the floods already considered (p. 64), 
accounts for the poverty of vegetation in streams with pronounced flood and 
strong currents which involve a stony bed and little deposition of silt. 


B. Seasonal growth. 

One of the most striking differences between the Lark and Itchen transects 
lies in the seasonal variations of growth. Table III and Fig, 4, which give the 
areas occupied by the two dominant plants in the Itchen transects, show that 
there was a continual increase of Sium erectum throughout the three years, an 
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increase which was momentarily checked 
26th-31st, 1927. 


only by the floods of December 


Table III. Area occupied by Slum erectum and Ranunculus pseudo- 
fluitans respectively in the transect of the Itchen at Alresford. 

Upper half ,„,,f 


Date 


Sept. 1925 
March, 192(i 
June, 1921) 
Sept. 1921) 
Dec. 1921) 
March, 1927 
June, 1927 
Sept. 1927 
Jan. 1928 
March, 1928 
June, 1928 
Sept. 1928 


Area 

Area 

Area 

Ar(.‘a 

occupied 
by Stum 

occupied by 
UanimculuH 

occupied 
by Slum 

occupied by 
Ranunrulus 

sq.m. 

lO.J 

sq. m. 

2-79 

sq.m, 

7 07 

sfj.m. 

1-48 

1- 92 

2- 51 

2-88 

4.52 

004 

0-.54 

0-08 

0-00 

2-21 

4-72 

2-.50 

1 -02 

JJ3 

2-07 

402 

4-23 

3-20 

2-bO 

0-(>2 

0-18 

3-29 

7-79 

8-0() 

4-05 

1-09 

4-87 

8 40 

1-15 

3 57 

0-93 

5-52 

0-08 

415 

0 9i 

3-32 

l)-27 

0-83 

700 

0-97 

5-10 

8-24 

0-4,3 

9-()7 

0()4 

Total area 20 sq.m. 

Total area 

20 sq.m. 


Hemn ' ’<8 


Before digging up 


Floods came De- 
cember 2r>th-3l8t 



Fio. 4- Area occupied by dominant plants {Sium erectum and Ranunculms pseudo- flu itans) 
in two transects (upper and lower) of River Itchen. 


6-2 



84 


Studies on the Ecology of Rivers 


In the case of the River Lark there is no such continuous increase, since 
most of the plants die away in the autumn and grow rapidly again in the spring. 
The same sequence of events as in the Itchen is to be observed in the Tees, 
where Ranunculus fluitans and Potamogeton interruftus persist throughout the 
year, whereas the changes in the Lark are similar to those in an ordinary pond. 

Sufficient data have not yet been collected to account fully for this dying 
down of the vegetation in some cases and not in others, but possible causes that 
may be considered are (a) that the habit is inherent in certain species, (6) that 
the habit is due to environmental conditions, and (c) that it is a temperature 
effect. 

(a) The tendency to persist or to die down in winter appears to be inherent 
in many species of aquatics, as shown by the persistence of Callitriche, Elodea, 
Potamogeton densus and Oenanthe fluviatilis both in the Lark and the Itchen, 
while the Potamogetons that occur in the silted associations of the Lark die 
down ; there are, however, no members of the silted association present in the 
plot on the Itchen to compare with the Potamogetons in the Lark. The 
following are tentative lists of species that do and do not die down in winter : 


Apium nodiflorum 
Callitriche stagnalis 
Elodea canadensis 
Hippuris vulgaris 
Mynophyllum spp. 
Nasturtium officinale 
Oenanthe fluviatilis 


(1) Species that do not die down. 

Potamogeton donsus 
P. interruptus 
Ranunculus pseudo-Huitans 
R. fluitans 
R. sphaerospennus 
Sium erectum 


( 2 ) 

Alisma Plantago 
Nuphar lutea 
Polygonum amphibium 
Potamogeton natans 
P. perfoliatus 


Species that die down. 

crispus 
P. lucens 

Sparganium erectum 
8. simplex 

Sagittaria sagittifolia 


(b) The nature of the habitat may bear some relation to this phenomenon, 
since wholesale dying down is least marked in quickly flowing waters. Such an 
interpretation is also suggested by the fact that Callitriche stagnalis is greatly 
reduced in quantity in the winter in ponds, but not markedly so in a flowing 
river. The difference may be due to the rigorous habitat afforded by a fast- 
flowing stream, where the difficulties of maintaining a hold and of increasing 
in area are great, so that the summer increment is small. The loss due to con- 
tinual washing away is great compared to loss due to death in autumn, so that 
there is little marked change between winter and summer. In a slow-flowing 
river on the other hand the enAuronment permits of a great summer increase, 
loss due to washing away is small compared to loss due to death in the autumn, 
and the comparatively small amount of vegetation which persists through the 
winter (though actually almost as great as the average in a fast river) is very 
inconspicuous. 
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Also the cause may lie partly in the partial sterilisation of the bed of the 
river, since, to render this fertile, silt and organic debris must again be de- 
posited. In a slow-flowing stream or pond, deposition is almost continuous, 
and is greatest after the death of the aquatic plants in the autumn. In swift 
rivers a much longer time will be required to render the sterile portions fertile, 
because silt and organic materials are not deposited but only trapped in small 
quantities among the stones and patches of plants. Further, there is no sudden 
release of organic matter by wholesale death of the plants. 

(c) TeynperaUire does not appear to exercise much effect. The temperatures 
of both rivers taken within 10 yards of the transect are given in Table IV, and 
there is evidently no relation to the survival of the plants, whether one com- 
pares temperatures for successive years in the Itchen, or for the Itchen and the 
Lark in the same year. Thus the higher temperatures of the Lark in winter do 
not lead to the survival of the plants under discussion. 

Table IV. Mean monthly temperatnres C C.) in rivers Itchen and Lark. 



River 

Itchen (at AlrcHford) 

River Lark (at 
Icklingham) 

A 


192(i 

1927 

1928 ' 

1927 

1928 

Jan, 


5-3 

(M 

0-8 

4*9 

lAJ). 


5-5 

()•() 

8-2 

8-2 

March 

- - 

7-3 

7 3 

8-4 

8-(> 

April 

9-2 

8-(; . 


91 

— 

May 

108 

Ill 

— 

12-9 

— 

June 

12-4 

11-8 

— 

13-9 

— 

July 

Ml 

12 9 

— 

l(v9 

— 

Au^^ist 

i:{;“i 

12-7 

— 

15-8 

— 

Sept. 

Oc^t. 

12() 

10-7 

— 

14-2 

— 

7-8 

9-2 

— 

l()-2 

— 

N(»v. 

(v9 

7-0 


7-8 

— 

Dec. 

,7-4 

5-2 

• — 

(>•4 

— 


C. Coloriisation. 

The colonisation of an area by new plants is shown in the lower portion of 
the Itchen transect. It is possible that the lower plot was not completely de 
nuded of all its plants, since some occupy positions at the end of the three vears 
similar to those which they occupied at the beginning. There are, however, 
pronounced differcMices. Thus Potamogeton densus did not reappear on the plot 
during the three years. Siuni ereetum colonised all the left-hand portion of the 
plot by extension, at various seavsons, from the untouched upper portion. This 
plant spread at a great rate on to the bare areas and such growth was far more 
extensive than that due to any persisting fragments, whether accidentally left 
when denuding the plot or representing portions perennating from season to 
season. The area occupied by Ranunculus is too small to admit of any generalisa- 
tions j there are numerous small patches of this plant which have changed 
their position so frequently that as much can be found in new as in old areas. 

On the whole the plot indicates that the new colonies were derived from 
portions of the plants in the river bed above, since the new plants are in direct 



R^nfall. 


86 Studies on the Ecology of Rivers 

line with the colonies of the same plants in the plot above. Colonisation is 
fairly rapid, for within one year the plants occupied half the original area 
covered and in two years as much space as was originally covered. 

D. Effect of macrophytic vegetation on current and depth. 

The effect of an extensive growth of rooted vegetation on depth and current 
is well shown in the River Lark (Fig. 5). The dense growth of plants in this 
river arrests the flow of the water to a marked extent and holds it back. 
Records of water-level at Lackford bridge show that the level of the river rose 



Fig. 5. Diagram of water-level and rainfall at Lackford Bridge. 
(Reproduced from Butcher, PenUdow and Woodley ( 11 ).) 


gradually but continually during May, when the macrophytic vegetation 
consisting of Potamogeton lucens, P. pectinatus, Sparganium erectum and 
S. simplex was growing rapidly, and fell again when the vegetation from 
Lackford to Icklingham (a distance of two miles downstream) was cut by 
the miller in order to augment the water supply for his mill at Icklingham. 
There was little rain during this period, and since the mill referred to is two 
miles downstream, no altering of sluices could have produced so marked an 
effect (see Fig. 5). While the vegetation was so dense the river was frequently 
24 in. below the normal level at this mill and 20 in. above normal at Lackford. 
It is obvious that as the water does not get away the current must be reduced 
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by 80 dense a growth of aquatics, and this reduction leads to a greater deposition 
of silt on the river bed, so that at length such reaches have to be thoroughly 
cleaned out if the river is to fulfil its proper functions. 

E. Macro j>}iytiG vegetation as a habitat for plants and animals. 

The importance of macrophytic vegetation as a shelter for animals is em- 
phasised by Percival and Whitehead (26) as well as by Butcher, Pentelow and 
Woodley (11). It was shown by these workers (1) that the community of 
animals in the weeds is the same as that normally inhabiting a stony river bed; 
(2) that the numbers of animals found on the various species of plants were not 
markedly different, save that fewer were found on the leaves of Sparganium 
simplex. This is probably due to the fact that the thin undivided leaves afford 
neither the surface nor the shelter that is provided by those of such plants as 
Ranunculus jluitans or Fontinalis. The water plants are also of importance to 
that group of fishes (the Cyprinodea) who lay their eggs among these weeds. 
Many of the sessile algae that grow on the bed of a stream, whenever the light 
intensity is sufficiently great, also grow on the stems and leaves of the aquatics. 
As a consequence the larger the area of rooted vegetation the greater the 
number of epiphytic algae that can establish themselves. Since such algae, 
especially the diatoms, are the chief food of the smaller animals (see Percival 
and Whitehead (27)) the rooted vegetation plays an important role also in this 
respect. 


F. Relation of macrophytic vegetation to the fertility of a river. 

There are two ways in which the macrophytic vegetation increases the 
fertility of a river. First, there is the holding up and trapping of silt, including 
the finer organic muds, wdiich are usually rich in nutrient substances and which, 
if there were no effective barrier, would be carried out to sea. This trapping of 
silt and nutrient materials takes place even in fast rivers, as is well illustrated 
in the River Tees at Low Middleton (see p. 64). Secondly, as pointed out by 
Pond (29), since these plants obtain their mineral salts from the substratum 
their death and decay result in the enrichment of the water with mineral 
matter which becomes available for the growth of the algae. 

Kofoid (19) showed that in pools containing only non-rooted macrophytes 
{Ceratophyllum) there was very little plankton. A rather different state of 
affairs obtains in a river. In the first place most of the algae grow on the river 
bed and are presumably as dependent on the nutrient matter passing into 
solution from the silt, as on that brought down by the river from above. In the 
second place the remains of the plants which have died away are washed down- 
stream and take the nutrient material with them. In this respect, however, it 
is necessary to distinguish two different types. In slow-flowing rivers (e.g. the 
Lark), where there is wholesale dying down of the vegetation in autumn, there 
is a sudden increase of dead and decaying organic material which, owing to the 
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slight current, is not caxried far downstream. In fast-flowing rivers (e.g. the 
Itohen), where much of the vegetation persists, the liberation of organic 
materials is much more gradual. The presence of this larger quantity of organic 
material — well shown in the River Lark {loc, ci<.)— is obviously one reason 
why a slow-flowing river tends to be more fertile, to have a more abundant 
flora and to exhibit more extensive variations than a fast stream. 

Not only do the plants trap passing silt and nutrient materials, but their 
rhizomes and roots must play the same role as those of sandhill plants in con- 
solidating the substratum in which they live. A sandy river bed covered with 
vegetation is not liable to undergo much shifting. It can also be demonstrated 
that littoral vegetation protects river banks in times of floods, e.g. those of the 
Lark at Hengrave. By careful cultivation of submerged plants open channels 
can be maintained in the middle of the stream which will take most of the 
water, leaving the weedy portions near the banks well protected and inhabited 
by an abundant fauna and this will be the feeding ground of fish. Percival and 
Whitehead (27) point out that at certain places in the River Wharfe the stones 
are being continually rolled over by the current so that the fauna among them 
is very poor. But occasional atones in the same locality which are overgrown 
with Fontinalis, Eurhynchium and even Lermnea shelter an abundant fauna. 
The rooted plants will help materially to cement the loose stones to the river 
bed by growing all round and over them, and in this way also they tend to 
increase the general fertility of the fast stretches. 

G. Importance of macrophytic vegetation. 

From the above considerations it may be seen that the macrophytic 
vegetation is probably of fundamental importance in the general biological 
character of a river. This is in marked contrast to a deep lake where rooted 
vegetation is scarce compared with the volume of water, and the phytoplankton 
represents the biological commimity that has most influence on the conditions 
of the lake generally and especially on the fauna. It is a well-known fact that 
in the small calcareous streams of Southern England, and particularly in those 
that are slow flowing, the vegetation can be so plentiful as to require continual 
cutting, whereas the phytoplankton (potamoplankton) is small in amount, 
unimportant, and recruited chiefly from the algae foimd on the river bed and 
on the larger aquatics. Where vegetation is dense it can play an important part 
in determining the physical characters of a river by holding up the water, 
hindering the flow, producing local eddies, cementing the river bed and trap- 
ping, or causing to be deposited, silt and nutrient materials. It is also a source 
of fertility to the river, taking mineral salts from the substratum and, on death, 
liberating a considerable amount of organic and mineral matter to those portions 
of the stream where it is trapped or deposited. It is also an important agent 
for the oxygenation of the water, though, unlike the microflora, it does not 
supersaturate the water to any extent. 
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Though in itself not a source of food for the great majority of animals in- 
habiting a river, it has a great influence on their quantity and distribution by 
acting (1) as an area for the growth of epiphytic algae which are the chief source 
of food of the smaller fauna, (2) as a source of oxygen. (3) as a shelter and 
habitation, and (4) as an agent for ciementing stoiios and gravel where much 
of the fauna is found. 

In a fast-flowing river macrophytes are not so plentiful, yet it is here that 
their presence is most valuable, especially because they act, as shown above, 
as a shelter and an agent for stabilising the river bed. 

Summary. 

The chief factor which governs the distribution of the larger plants or 
macrophytes in running water is current. As well as exerting a mechanical 
strain on the plants, current determines the nature ot the river bed, which, in 
its turn, determines the type of vegetation. Torrential, non-silted, partly silted 
and littoral comnuinities ot plants are distinguished and shown to be co- 
related with the nature of the river bed which consists of rock and boulders, 
stones, gravel, silt or mud respectively in the above communities. 

The quantity of the vegetation is continuously reduced in rivers with large 
and sudden floods. Th(; nature of the communities is modified by the calcium 
content of the water, by excessive silting and by pollution. 

By quadrat studies it is demonstrated (1) that some plants persist thu)ugh- 
out the year while others decay in the autumn and (2) that vegetation is im- 
permanent and tends to move to unocunipied portions of the river bed leaving 
the other parts barren. Macrophytic vegetation can modify the physical con- 
ditions in a river l)y consolidating the bed or collecting silt and, in some 
streams, can groAv to sucli an extent that it holds uj) the water and causes 
floods. Macrophytic vegetation u(‘ts as a habitat for animals and algae and 
largely determines the fertility of a river. 

This paper is based chiefly on work done for the Ministry of Agriculture 
and Fisheries in the investigations of the biology of rivers and the effects of 
river pollution. The author wishes to thank the Ministry for permission to 
publish it, to express his very best thanks to Prof. F. E. Fritsch and Dr W. H. 
Pearsall for their great help with criticisms, suggestions and references, to his 
colleagues Messrs A. C. Gardiner, F. T. K. Pentelow and J. Longwell for 
suggestions and the use of certain data not yet published, and to Messrs 
H. Stokes and E. Holdsworth for assistance with the figur(^^ and photographs. 
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THE VEGETATION OF ST HILDA 

By C. P. fetch. 

[With one Map in the Text..) 

Introduction. 

In the summer of 1931 the now uninhabited island of St Kilda, most westerly 
of the Outer Hebrides, was visited by a party of six from the Universities of 
Oxford and Cambridge. This island has recently attracted considerable atten- 
tion by reason of the evacuation of the inhabitants, remnants of a population 
that had lived there from the earliest recorded times. On their departure they 
took with them some 1300 sheep. After being under the hand of man for many 
centuries the island thus lapses into an almost natural state. The scientific 
significance of this is at once apparent. Owing to the removal of the biotic 
factors of grazing and cultivation, the future development of the vegetation 
may be regarded as a large-scale experiment in plant ecology. A survey of the 
present conditions was therefore undertaken, which revealed several interesting 
features, particularly the influence of the numbers of sea birds which have 
their nests there. 

Lying 50 miles west of Harris, and about 150 miles from the mainland of 
Scotland, the St Kilda group, as it is more correctly described, contains four 
islands and a number of small rocks and stacs. Only the largest island, Hirta, 
was permanently inhabited. This is 1515 acres (637 hectares) in extent, its 
greatest length and breadth being 2^ by 1| miles (4 x 2*8 km.). Except for the 
beach in Village Bay on the south-east side Hirta is completely surrounded by 
cliffs, which rise on the north coast to 1300 ft., forming the highest cliffs in the 
British Isles. Topographically Hirta consists of two valleys, facing north-west 
and south-east, surrounded by five peaks, Conachair (1397 ft.), Mullach Mor 
(1172 ft.), Oiseval (948 ft.), Mullach Bi (1164 ft.), and Mullach Sgar (715 ft.). 

The vegetation may best be considered under three headings : 

I. The moorland, covering most of the area. 

II. The abandoned arable land. 

III. Maritime communities, including those of the lower cliffs and of moor- 
land areas within reach of sea spray. 

No trees, or shrubs larger than heather are foimd on the island. 

I. The moorland. 

This is the most typical'and widespread plant community. It is dominated 
by heath grasses {Festiica ovina, Nardus striata) and gives a green appearance 
to the hills when seen from the sea, which is strikingly different from the purple 
heather moorlands of the Dee and Tay valleys. CaUuna vulgaris is everywhere 
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present, but does not grow above the level of the turf, which is close and thick 
as though heavily grazed. Well-grown bushes of heather are only found in 



III ||ijj PiLffln areas 


Moorland affected by sea spray Unmarked areas represent moorland 

» * « 

Cotton -grrass bo^s Curved lines denote cliff 

Map 1. 

cracks of the vertical rock faces which must have been inaccessible to sheep. 
The abundance of GaUuna is thus not evident until the turf is examined close 
at hand. Erica cincTea and Vnccinium wyTtillus are found in the same con- 
dition though more rarely. Now that all grazing has been stopped it seems 



94 


The Vegetation of St Kilda 


probable that an increase of Calluna and other heath shrubs will occur at the 
expense of the grasses. In order to have some measure of the degree to which 
this has proceeded at the time of any subsequent visit to the island two per- 
manent quadrats were established, one on the slopes of Oiseval, the other 
on flatter land near the village. Calluna prefers the shallower and drier soil 
patches, and avoids bogs and regions exposed to sea spray. 

The vegetation of this community is very varied so that it merges into that 
of the bogs and of the cliffs. Owing to the difficulty of estimating the composi- 
tion of the turf over such a large area, thirty sample square metre plots were 
marked out at random, and the frequency of the plants included noted. The 
samples ranged from 200 to 1100 ft. above sea-level and had an average altitude 
of 500 ft. The results were as follows^ : 




Averagre 



Average 


Fre- 

abuu- 


Fre- 

abun- 


quency dauce 


quency 

dance 

Antennaria dioica 

1 

f. 

Leontodon autuinnale 

3 

o. 

Anagallis tend la 

2 

o. 

Luzula campestris (agg.) 

2 

r. 

Anthoxanthum odoratum 

4 

f. 

L. syJvatica 

1 

r. 

Agrostis canina 

3 

f. 

Molinia caerulea 

2 

o. 

A. palustris (agg.) 

4 

f. 

Nardus stricta 

5 

f. 

Aira praecox 

1 

o. 

Narthecium ossifragum 

1 

0. 

A, fiexuosa 

1 

o. 

Orchis maculata 

2 

r. 

Blechnum spicant 

1 

r. 

Polygala vulgaris 

3 

o. 

Calluna vulgaris 

4 

o. 

Potentilla erecta 

5 

f. 

Carex binervis 

2 

o. 

Pedicularis sylvatiea 

3 

r. 

C. flacoa 

T 

V 

Prunella vulgaris 

1 

o. 

0. flava 

2 

o. 

Pinguicula vulgaris 

2 

o. r. 

C. panicea 

4 

f. 

Idantago laiiceolata 

3 

o. 

C. pilulifera 

4 

o. 

1\ maritinia 

4 

f. 

C. pulicaris 

3 

o. 

P. corono])us 

1 

r. 

C. rigida 

1 

r. 

Rhinanthus drummond-hayi 

1 

r.o. 

Cerastium vulgatum 

1 

r. 

♦Ranunculus acris 

1 

r. 

Empetrum nigrum 

1 

a. 

♦R. flammula 

1 

o. 

Erica tetralix 

1 

a. 

♦Rumex acctosa 

1 

r. 

E. cinerea 

1 

a. 

JSalix rep<‘nH 

1 

f. 

Euphrasia vulgaris 

5 

o. 

Ncabiosa succisa 

2 

o. 

’•'Eriophorum angustifoliuni 

1 

f.a. 

8cirptis caespitosus 

2 

o. 

Festuca ovina (agg.) 

5 

f. 

8elaginella sdaginoides 

3 

o. 

Galium saxatile 

3 

o. 

8ieglingia decumbens 

5 

o. 

Gentiana campestris 

1 

r. 

Thymus chamacdrys 

3 

f. 

Hypt^ricum pulchrum 

2 

r.o. 

Trifolium repens 

1 

f. 

♦Holcus lanatus 

1 

r. 

V acciniuni rayrtil lus 

1 

a. 

*Hydrocotyle vulgaris 

1 

r. 

Viola riviniana 

5 

0. 

J uncus lamprocarpus 

1 

r. 

V. palustris 

1 

r.o. 

J. squarrosus 

1 

o. 





To these must be added certain local 
in any samples: 

Botrychium lunaria 
Hymenophyllum unilaterale 
Lycopodium selago 
JVfalaxis paludosa 
Sagina procumbens 

1 The names used throughout uro those of the London Catalogue of British Plants, 11th ed., 
1925. The frequency data are comparable to those obtained by Tansley and Adamson (4), but 
the percentage figures have been referred to five classes : the average abundance figures have been 
obtained in the same way as in their next paper (6), but here the numerical averages have been 
translated back to letters. 


species which were too rare to be included 


Schoenus nigricans 
Silene acaulis 
Veronica officinalis 
Vaccinium vitis-idaea 
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Species in the list marked with an asterisk are not considered true members 
of this community. Several new records for the island are included, but these 
are considered in another paper (6). 

The altitudinal distribution of these plants presents no striking features. 
Vaccinium niyrtillus^ Ltjeopodium selago, Luzula sylvaticAi and Carex rigida do 
not descend below 600 ft., Empetrum nigrum not below 700 ft., and Vaccinium 
vitis-idaea not below 1000 ft. On comparing ten lowland quadrats (100 400 ft.) 
with ten upland ones (700-1100 ft.) a lowland tendency was noticeable in 
Anagallis tenella, Scabiom succtsa, Juncun lamvprocarpus^ Plantago layueolata, 
P, maritima, Pinguicula vulgaris, Carex panicea and Molinia caertilea, and an 
upland preference in Galium, saxatile, Pedicularis sylvatica. Polygala vulgaris, 
and Carex hinervis, apart from the strictly limited species noted above. Other 
sj)ecies were more or less evenly distributed, or too infrequent in these samples 
to allow valid conclusions to be drawn. 

Though the St Kildans were not in the habit of cutting true peats as the 
people of the outer Hebrides do, they removed the moorland turf in slabs a few 
inches deep for fuel, to the detriment of their pastures. Where this has been 
done, the soil washes away, leaving a stony area inhabited between the rocks 
by stragglers from the moorland flora. Carex flxwa, C, goodenowii, C, stellulalaj 
C, j)anicea, J uncus lamprocarpus. J. hulhosus, Ranunculus flammula, and 
Plantago maritima^ occupied such an area in the bottom of Gleann Mor, the 
north-facing valley; Carex flava, C. goodenowii, Festuca ovma, Agrostis tenuis, 
A, canina, Leonlodmi autumnale, Plantago maritirmi and P. coronopus a similar 
area on the top of Mullach Sgar. The moorland is dotted with small turf and 
stone huts or “cleits” in which the St Kildans stored their turf fuel and other 
produce. Close to the walls of these, certain plants whic*h are most abundant 
in the arable land are almost always to be round, viz. Ilolcus mollis, Rumex 
acetosa, R. acetosella, Cerastiufn vulgatum. Trifolium repens and Ranunculus 
acris. Their presence may Ire due to human traffle, disturbance of the ground 
in building, increased shelter, manuring consequent upon sheep seeking shelter 
here, or a combination of these factors. Aira praecox is a constant inhabitant 
of the turf roofs of these buildings. 

(a) Bog vegetation. 

On the small hills and wet stony places on the hillsides the vegetation takes 
on a slightly different aspect. Ranunculus flammula and Eriophorum became 
more abundant and such plants as J uncus hulhosus, Carex stellulata, Potamn- 
geton polygonifolius, Scirpus pauciflorus and Drosera rotundifolia are found. 
The last two are very local in their distribution, Scirpus being found in one 
bog and Drosera in three. 

In the flat upland regions such as the top of Mullach Mor and on the west 
side of Gleann Mor, cotton-grass bog is developed. The vegetation here is 
dominated by Eriophorum angustifolium with considerable local abundance of 
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Carex stellulata, Empetrum. nigrum and Scirpus caespitosus. In addition, the 
moorland species occur more or less frequently, but Calluna and Erica are rare. 
True peat is almost always present under this community. On the top of 
Mullach Mor some peat has been destroyed and erosion has taken place, 
leaving a peat cliflF of about a foot high. It is evident that good burning peats 
might have been obtained from here, or from any other area covered with 
Eriophorum, but as this source of fuel was said to have been entirely neglected 
((2), pp, 78-9), its removal in this case must be attributed to natural agencies. 


(b) Flora of high cliffs. 


By this is understood the flora of cliffs quite out of reach of the sea. This, 
as in the bogs, is mostly made up of plants common on the moorland, but 
certain species are confined to the habitat. They are : 


Sedum roBeuin a. 

Angelica sylveatris f. 

Polypodium viilgare f. 

Salix herbacea v.r. 

Athyrium filix-foemina f. 

Lastroa dilatata f. 


8ilene maiitima o. 

Primula vulgariti o. 

J-iOiiicera peiiolymenium r. 

Taraxacum palustre . r. 

Rumex acetosa f. 


Rumex acetosa and Angelica sylvestris are also found on the arable land. 
Plantago maritima is very abundant in rock cracks. 

In spite of the fact that the cliffs of St Kilda are the highest and most ex- 
tensive in the British Islands, nothing in the nature of a definite rock community 
can be distinguished, and apart from the intrusion of the eleven species noted 
above, the vegetation resembles isolated patches of moorland growing in such 
cracks and ledges as afford a foothold. This may be related to the granitic 
nature of the rock, which, in the Scotch mountains, is associated with a poor 
flora (3). The screes below the inland cliffs show no peculiarities except that 
they form the habitat of Asplenium adiantum-higrum, which is only found 
among the boulders on the south side of Conachair. Other ferns from the cliffs 
have established themselves here, but the screes of smaller rock fragments are 
barren. Saxifraga oppositifolia is confined to one locality on the south side of 
Conachair, on wet rocks in the neighbourhood of the Amhiiinn Mhor, a rather 
specialised habitat which appears to resemble the high cliffs more than 
anything else. 


(c) Puffin colonies. 

The lower regions of the cliffs which surround the island are the home of 
vast colonies of puffins. Usually the cliffs are too steep to support much vege- 
tation, but in some places, particularly on the island of Dim, the p uffin 
burrows occur in or above land sufficiently flat to support a grass community. 
Though the conditions are such as would normally lead to the development of 
moorland grasses, these slopes bear practically no representatives of the moor- 
land flora, but are dominated by plants usually found on the arable land. The 
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soil is honeycombed with puffin burrows, in front of each of which is a pile of 
droppings. The characteristic smell of such areas suggests irresistibly that the 
increase of nitrogenous manuring is responsible for the change in vegetation. 
This plant community is also found, though it is less marked, on the west side 
of Glean n Mor, north of the Eriophoretum, and again below the rock known as 
the Lover’s Stone. In each case many puffin burrows are to be found. Smaller 
isolated patches are scattered all round the low cliffs. The two plants most 
directly associated with the burrows arc Stellaria media and a luxuriant form 
of Poa annua. On the island of Dun the composition of the society is as follows : 


Holous mollis 

d. 

Festuca ovina 

f. 

Poa annua 

a. 

Ranunculus acris 

i. 

8tellaria media 

a. 

Potentilla anserina 

t. 

Rumex acetosa 

a. 

Angelica sylvestris 

o. 

Cerastium vulgatum 

f. 

Montia f on tana 

r. 


No other plants are found on this end of the island and the absence of all moor- 
land species except Festuca is very striking. It is quite certain that these areas 
were never cultivated, but the resemblance between them and the abandoned 
arable land is very marked, the latter differing in its richer flora. They are 
described under the moorland because of their obvious development from it, 
since the land was never tilled, but their superficial affinity is all with the next 
vegetation to be described. These remarks are based only on direct observa- 
tion, since the inaccessibility of St Kilda renders experiments over a long 
period difficult to conduct, but it seems most probable that an example is here 
afforded of a plant community controlled by the biotic factor of its bird 
inhabitants. No difference of soil, slope, exposure or history can be discovered 
which could possibly differentiate the areas in question from similar areas of 
moorland, except the presence of puffins (compare the north end of Dun with 
the peninsula of Ruaival). The rank vegetation round the burrows was noticed 
by Gibson, who visited the island in 1891 (1). 

II. Abandoned arable land. 

At their most flourishing period the island population cultivated some 
60 acres of land situated close to the village, but of recent years they have pre- 
ferred to obtain what they could from visiting ships, until in the year preceding 
the evacuation only two or three acres were sown. The method of cultivation 
was similar to that used in the Outer Hebrides; no horses were available and 
the effect on the land seems to have been neither deep nor lasting. Fields sown 
only two years ago now resemble almost exactly those abandoned for many 
years. A certain amount of manure, in the form of house refuse and probably 
seaweed, was however incorporated in the soil, and this may be responsible 
for the resemblance to the puffin colonies described above. The area is domi- 
nated by a rank growth of Helens lanatus with a number of attendant species : 

Holous lanatus d. Trifolium repens a. 

Ranunoulus aoris a* Potentilla anseriiia a. 

Joum. of Ecology XXI 
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Cerastium vulgatum 

a. 

Leontodon auturanalis 

o. 

Agrostis vulgaris 

a. 

Pteris aquilina 

o. 

Anthoxanthum odoratum 

a. 

Euphrasia vulgaris 

o. 

Angelica sylvestris 

f. 

Festuca ovina 

o. 

Luzula campestris 

f. 

Prunella vulgaris 

r. 

Kumex acetosa 

f. 

Potentilla erecta 

r. 

B. obtusifolius 

f. 

Senecio jacobaoa 

r. 

Plantago lanceolata 

f. 

Vicia Bopium 

l.f. 

Lolium perenne 

f. 

Achillea millefolium 

l.f. 

Poa trivalis 

f. 




Aihyrium filix-foemina occurs in the walls between the plots. In a more 
southern part of Britain the bracken might be expected eventually to dominate 
the area, but here it is always small and grows below the level of the Holcus 
inflorescences. 

This society covers the ground inside the village wall except for a small 
portion cut off by the river (Amhidnn Mhor), and inside all the sheep en- 
closures (vide map). Outside the village wall and on the plateau of An Lag 
Bo’hn Tuath a gradual transition to the moorland vegetation occurs. This is 
marked by the mixing of Holcus^ Trifolium, Rmnex acetosa and Ranunculus 
acris with moorland species, giving a richer and greener turf than is found on 
the hills. Rumex acetosella is commoner here than either on the moorland or on 


the arable land. 


Twelve apparently introduced species are found in the village street and 
among the houses, but they occur sporadically and play no part in any plant 
community. 


Alopeciims genioulatus 
Capsella bursa-pastoris 
Chrysanthemum sogotum 
Cnicus lanceolatus 
C. arvensis 
Galeopsis totrahit 


Plaiitago major 
i V)ly gonu m a v icula le 
Sonchus oleracoiiH 
Triticum re|xui8 
Urtica dioica 
Vicia hirsuta 


It seems probable that they will in time follow the fate of some formerly 
recorded arable weeds of which nothing could be found (e.g. Spergula arvensis). 
Curiously enough Vicia hirsuta is a new record, but one cannot say whether it 
was previously overlooked or is a recent immigrant. 


Lowland, marsh. 


As a general rule streams which descend from the hills to the relatively flat 
arable land are led through it in deep channels lined with stones. This obviates 
the formation of bogs, which, as has been observed, are found in most flat parts 
of the island. Occasionally, however, damp marshy areas are found, as along 
the lower parts of the Amhuinn Mhor, which are slightly different from the 
moorland marshes, showing the following characteristic species: 


Ranunculus flammula 

a. 

Holcus lanatus 

a. 

Junous articulatus 

a. 

Montia f on tan a 

a. 

Anagallis tenella 

f. 

Carex goodenowii 

f. 

C. stellulata 

f. 

Eriophonim angustifolium 
Hydrocotyle vulgaris 

f. 

f. 


Iris }>Beudaoorus 

f. 

Lychnis flos-cuculi 

f. 

Eleocharis uniglumis 

l.f. 

Carex flava 

o. 

Potamogeton polygonifolius 

o. 

Trifolium repens 

o. 

Angelica sylvestris 

r. 

Epilobium palustre 

r. 

Hagina procumbens 

r. 



(J. P. Pbtch 


99 


This community is also developed around the foot of Gleann Mor, on the 
rocks where its streams fall into the sea. Here, and in the peaty pools above, 
Callilriche stagnalis is found. Its absence from the southern side of the island 
is remarkable. 

This marsh vegetation stands in the same relation to the arable land as the 
vegetation of the hillside bogs does to the moorland. Many species of arable 
land are found mixed with the marsh plants. 

III. Maritime vegetation. 

This may conveniently })e divided into three communities: 

{a) Littoral vegetation. 

{})) Vegetation of low cliffs. 

(c) Vegetation of moorland affected by sea spray. 

(a) Littoral vegetation. 

The algal flora of the exposed rock faces is poorly developed, probably on 
account of the violence with which the Atlantic swell strikes the rocks at all 
times of the year. In sheltered places, however, as in straits between stacs and 
larger islands, the following zonation was observed: 

(1) Submerged even at low tide: Alaria esculentay Laminaria saccharina, 
Himanthalia lorm. 

(2) Gigartina mamillma, 

(3) Fucus phty carpus, Porphyra kunniata. 

(4) Fucus ceranoides, Porphyra laciniala. 

In pools of brackish water above these communities Enterornorpha sp. 
predominated. 

As the rocks l)ecome more and more exposed on passing out of a sheltered 
area, the middle zones disaj)peared first, the lines of Alaria and Porphyra per- 
sisting almost everywhere, though separated by a wide expanse of bare rock 
on the open coast. 

(6) Vegetation of loiv cliffs. 

As in the case of the high cliffs, the vegetation consists of fragments of 
surrounding societitvs with the addition of certain characteristic plants, viz. : 

Cochlearia auglira a. Ligusticiiiii siiotifum l.f. 

Matricaria maritiina a. Atiiplex babingtonii o. 

Aritioria vulgaris f* Cenistiuui tctraiidruiii a. 

Silene maritima t 

When puffin colonies adjoin the low cliffs, as on Dim, Holcus 7nollis, Stellaria 
media and Ruim^x acetosa are also found. In regions close to moorland however, 
as on Ruaival, salt- tolerant species of the moorland flora abound on ledges, 
6.g. Plantago ^narithna^ P. coronopus, P. lanceolata, Festuca ovina, F. rubra. 

7-2 
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(c) Moorland areas affexated hy sea spray ^ 

Where the moorland descends to within a few hundred feet of the sea, a 
very well-marked community appears, consisting of a few plants of the ordinary 
flora which are presumably salt- tolerant. This is found in the peninsulas of 
Huaival and Gob na h’Airde, on the slopes of the west coast, and to a slight 
extent roimd the foot of Gleann Mor. In all other places the height of the cliffs 
seems to protect the moorland from the influence of the sea. It must of course 
be remembered that in winter storms the Avaves strike the rocks with extreme 


violence ; they have been observed to break right over the island of Dhn, which 
is 200 ft. above sea-level at its lowest point. This community is dominated by 
Plantago maritirm, which in places forms a pure sward. The fine leaves of this 
and Statice give a smooth, even appearance to the vegetation, comparable to 
good grass turf. 


Plantago maritima 

d. 

P. ooronopus 

a. 

Festuoa ovina 

a. 

Statice armeria 

e. 

Plantago lanceolata 

f. 

Carex goodenowii 

f. 

Leontc^on autumnalis 

£. 


Sfigina prociimbfcns f. 

Carex oederi o. 

Jiinciis lamprocarpus o. 

Agrostis vulgaris o. 

Euphrasia vulgaris r, 

Cerastiuiu viilgatum 


Conclusion. 

The ecological interest of Ilirta in the St Kilda group lies principally in the 
return of the vegetation to a natural state owing to the removal of the factors 
of grazing and cultivation. These have not yet had time to take effect, but it 
seems likely that a considerable development of Calluna vulgaris and other 
heath shrubs will occiu in the formerly grazed areas. The moorland grasses 
will probably diminish, resulting in a decrease of the value of the land as sheep 
pasture. In the cultivated area, since little or no difference is apparent between 
areas abandoned two years ago and those which have been left uncultivated 
for fifty years, no rapid changes can be expected. Most probably some modi- 
fication of the moorland will establish itself. 

The vegetation of areas affected by sea spray and by puffin colonies is 
described, and an analysis of the composition of the moorland flora given. 
Attention is drawn to the effect of the puffin colonies on the flora, as an 
example of the operation of a somewhat rare biotic factor. 

My thanks are due to Dr H. Godwin for assistance with this paper, and to 
Mr R. A. Buckingham for the map. 
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COLONISATION BY EPILOBIUM ANGU8TIF0LIUM 

By WINIFRED E. BRENCHLEY and SIGNE 6. HEINTZE. 

{Rothamsted Experimental Station.) 

An interesting case of colonisation by Epilohium angustifolium has recently 
occurred at Rothamsted. An area of grassland which has been under experi- 
ment since 1856 is divided into a number of plots which are annually treated 
with various combinations of fertilisers, one half of most plots now receiving 
regular dressings of lime in addition. This treatment has brought about radical 
changes in the yield and composition of the herbage, which is mown twice a 
year and never grazed. 

The plots continually receiving nitrogen as sulphate of ammonia, with or 
without mineral fertilisers, have l>ecome very acid, a fact which is reflected in 
the predominance of Holcus lanatus, AntJioxanthum, odoratum or Festuca durius- 
cula according to treatment, the general tendency being for these grasses to 
occur in tufts instead of as a uniform herbage. 

The winter of 1928-9 was characterised by severe frost, followed during the 
spring and summer by exceptional drought. Under these abnormal conditions 
the herbage of the milimed parts of all plots receiving sulphate of ammonia was 
practically devastated, and the surface of the ground was covered with a mat 
of decaying vegetation. Recovery was very slow, and it was not until the 
autumn of 1931 that the herbage on these plots again reached its normal den- 
sity. In the process of recovery certain changes in composition occurred as a 
result of the unusual opportunity for colonisation afforded by the less acute 
competition, the most prominent invader being Epilohium angustifolium. In 
the presence of continued sulphate of ammonia and superphosphate the normal 
herbage consists chiefly of clumps of Festuca duriuscula and Anthoxanthum 
odoratum, with considerable areas of bare ground between, which are covered 
with a form of dry peat consisting of incompletely decayed dead leaves. Where 
complete minerals (superphosphate, potash, etc.) are used in conjunction with 
heavy dressings of sulphate of ammonia the dominant species is Holcus lanatus, 
which also grows in tufts and covers the surrounding bare spaces with a peaty 
layer of dead leaves. In this case, however, numerous Holcus seedlings may 
spring up on the peat, and in some seasons these are able to establish themselves 
and cover the area more effectively. 

During the process of recovery since 1929, the herbage has resumed its 
normal /ucies in the main but, when superphosphate only is associated with 
the sulphate of ammonia, large quantities of Epilohium angustifolium have 
established themselves in the bare spaces betwT.en the clumps of grawss. When 
complete minerals are present much less Epilohium has obtained a footing. In 
the latter case the actual opportunity for colonisation was in reahty greater, 
owing to the proximity of large quantities of the invading species just beyond 
the boundary line within ten yards of one of the plots, whereas that receiving 
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superphosphate was much farther away, at a distance of sixty yards from the 
nearest centre of infection^. 

Tests were made to ascertain if the selective colonisation by Epilobium 
under these conditions was due to a difference in the hydrogen-ion concentra- 
tion of the soil, determinations being made both on the peaty surface layer and 
the underlying soil of all three plots. The hydrogen-ion concentration of the 
underlying soil was remarkably uniform, only varying between 3-7 and 4*0, 
but the joH value of the peat layer ranged over wider limits, tending to be 
somewhat higher, as is shown in Table I. 


Table I. 


Plot 

Manuring 

Soil 


pll values 

A 


42 

Sulphate of ammonia -f superphosphate 

Peaty layer 

4^ 

5() 

42 

4-8 


Lower ,, 

40 

40 

<38 

4*0 

9 

Sulphate of ammonia + complete minerals 

Peaty layer 

4(i 

41 

4 2 

— 


Lower „ 

40 

40 

40 

— 

IP 

Extra sulphate of ammonia + complete 

Peaty layer 

40 

40 

40 

— 


minerals 

Lower „ 

<:p8 

<:p8 

40 

— 


Further samples were taken to determine whether the distribution of 
Epilobium on the bare spaces was associated with differences in pH, and com- 
parison was also made with the soil from the ‘^mother’’ areas beyond the 
boundary line. 


Table II. 


pM values 


Bare spaces on plot 4-, with Epilobium 
„ „ uithout „ 

Soil from “mother” area of Ejnlobium 


42 

4-2 

40 

40 

41 

5-2 

4-4 

4-2 

41 

41 

4-5 

4-5 

40 

r>o 

4-8 


The range of hydrogen-ion concentration of the soil on which Epilobium 
grows freely is as wide as that where it has not established itself, and therefore 
the assumption is ruled out that this species is particularly favoured by acid 
soils, but will not grow so freely in less acid situations. 

The varying distribution would appear to be a question of competition 
rather than soil reaction. Where most Epilobium has sprung up the return of 
the normal vegetation on the devastated patches has been less complete than 
on the other plots, and the yoimg Epilobium seedlings had therefore a better 
chance of establishing themselves. This fits in with the known facts of the 
habits of the species, which tends to spring up freely where areas have been 
cleared by fire, blizzard or similar drastic agencies, to disappear again as other 
vegetation reasserts itself. 

No attempt has been made to eliminate the invading Ejnlobium nor to 
prevent it from seeding, but careful watch will be kept on its behaviour during 
the next few years. 

October, 1932. During the present season, since the above was written, 
much less Epilobium has appeared, thus supporting the idea that competition 
was the determining factor. 


^ These remarks do not apply to the limed areas on which the devastation of the herbage did 
not occur. 
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I. Introduction. 

In a previous number of this JourxNal^ an account was given of an attempt to 
make a quantitative estimate of the number of viable weed seeds buried in the 
soil of Broadbalk wheat field, Rothamsted, in 1925, the influence of manuring 
on the distribution and the relative lengths of dormancy of the various species 

^ Brenchloy,W.E.andWarington,K. “The weed seed population of arablesoil. I. Numerical 
estimation of viable siHids and observations on their natural dormancy.” This Journ. 18, No. 2, 
236-72, 1930. 
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also being considered. At that time the weed flora was so prolific as to be a 
serious menace to the wheat crop, which, for e!xperimental reasons, has been 
autumn sown on the same area since 1843. A definite campaign against the 
weeds was therefore planned, but, as it was undesirable that any break in crop 
continuity should occur, it was decided to make an intensive attack on one 
part of the field by means of fallowing operations for two years, while the rest 
of the area was cropped and subjected to as thorough cultivation as was possible 
under the circumstances. At the end of the two years the process was reversed, 
but the fallowed portions were arranged to overlap, so that one part of the 
field remained without a crop for four years. At the same time a parallel 
experiment was carried out at Woburn on sandy soil on continuous wheat and 
barley plots to provide a comparison between the effects of fallowing on differ- 
ent types of soil. The data for this latter experiment are now available and, 
before proceeding to deal with the effects of fallowing operations, it is necessary 
to consider briefly the weed seed population of the Woburn soil at the beginning 
of the experiment, for comparison with the Eothamsted results set forth in the 
previous paper. 

IL Buried weed seeds in Woburn soil, under continuous 

WHEAT AND BARLEY. 

Stackyard field, Woburn, carried wheat and barley continuously from 
1877 to 1926 inclusive, when the land had become so foul with weeds that it 
was decided to put it under bare fallow for two years. In 1929 the field was 
again under crop. 

The wheat is always autumn-sown, necessitating aiitunm ploughing only, 
followed by cultivating and hoeing as occasion arises. The barley is always 
spring-sown, permitting both autumn and spring ploughing. So far as cultiva- 
tion goes, the barley crop has allowed greater opportunities for the germination 
and destruction of weed seedlings, such as Alchemilla arvensis, Cerastium vuU 
gatum, J uncus hufonius^ Matricaria inodor a ^ Myosotis arvensis and Vicia 
hirsuta. On the other hand, the wheat, established in the autumn and spread- 
ing its tillers early in the year, has probably reduced by competition some 
species that are able to grow and hold their own with spring-sown barley, such 
as Capsella bursa-pastoris, Chenopodium album, Gnaphalium uliginosum and 
Veronica buxbaumii (F. polita of preceding paper ^). To a less marked extent 
this reduction among wheat applies to the more abundant weed, Spergula 
arvensis. The relative abundance of the major weed species among the two 
crops is shown in Table I, all minor species, of which less than twenty appeared 
from the bulked samples in both crops, being omitted. 

^ Since the publication of the first paper, Dr Eric Drabble has examined specimens of the 
Veronica polita, which had been considered to be a probable hybrid between V, polita and F. bux- 
baumii, and we are indebted to him for his opinion that the species is in reality true F. Imxbaumii, 
In future, therefore, tiie name F. buxbaumii will be used for this species. 
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Table 1. Woburn soil. Number of seedlings from buried seeds present 
before fallowing, all samples added, together^, (8| area,) 



Wheat 

Barlov 

predominant in wheat 

Agrostis stolonifera 

181 

86 

Alchemilla arvensis 

4,520 

44 

Areiiaria serpyllifolia 

84 

0 

Cerfis ti u m vu Iga tu m 

435 

1 

J uncus bufonius 

339 

8 

Legousia hybrida 

()0 

23 

Matricaria inodora 

3,183 

234 

Myosotis arvensis 

Fapaver spp. 

87 

— 

131 

4 

Poa annua 

2,81() 

1,314 

Veronica arven.sis 

407 

137 

V. hechvracfolia 

48 

1 

Vicia hirsuta 

130 

— 

Viola arv crisis 

11(> 

13 

To 

tal 12,537 

Total 1,871 

Species predominant in barley 

Capsella bursa-pastoris 

255 

1,520 

Chenopodium album 

7 

162 

Gnaphalium uliginosum 

344 

1,007 

Lamiuin amplexicaule 

70 

185 

Polygonum aviculare 

1,041 

1,316 

P. convolvulus 

10 

30 

Rumex acctosella 

43 

56 

Senecio vulgaris 

39 

84 

Sporgula arvensis 

8,475 

16,110 

Stellaria media 

280 

915 

\'eronica buxbaumii 

14 

860 

Total, 



excluding Sporgula arvensis 

2,103 

6,135 

Sporgula arvensis 

8,475 

16,110 

Grand t<dal 

10,578 

22,245 


♦ Twenty-six hurley >ii samples, eaefj 48 sq. in. area (8* s(j . ft. ). Twenty-tw o wheat vSoil samples, 
each 48 sq. in. urea (TJ sq. ft.). For purposes of comparison w itli barley iJie wlieat weed seeds were 
recalculated for an area of 85 sq. ft. 


A further analysis of Table I shows very clearly how the weed flora 
associated with a particular crop is influenced by the correlation between the 
periodicity of germination of the various weed species and the method of 
cultivation and time of sowing of the crop (Table ll). 

Species with maximum germination in autumn are al)le to maintain their 
position with autumn-sown wheat, but are ruthlessly cut down, often before 
flowering, by the later ploughing and cultivating for the spring-sown barley. 
Those weeds that show no periodicity, and yet are chiefly associated with 
wheat, have generally some peculiarity which explains the distribution. Matrix 
caria inodora is very impatient of competition and usually occurs in abundance 
only in thin places and at the edges of crops. The seedlings which appear with 
the wheat in autumn get well established and doubtless, on this sandy soil on 
which the wheat crop is not very heavy, they are able to hold their own when 
spring growth begins. With th6 barley crop, on the other hand, the Matricaria 
seedlings come into direct competition at a very early stage, and the species 
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has gradually been crowded out by the repeated growth of the same crop. With 
regard to Agrostis, Vida and J uncus, it may be that a long growth period is 
needed before seed formation occurs, and that seeds have time to ripen with 
the wheat but are not fully developed by the time the spring-sown barley crop 
is harvested. Poa and Aremaria grow freely during the autumn and winter 
months, producing plants that with wheat are able to seed and restock the 
soil, but with barley are cut down by cultivation. Probably both species suffer 
from the competition of a strongly growing cereal crop, so that in spite of their 
ability to germinate throughout the year, comparatively few plants are able 
to establish themselves from seeds which start into growth in the spring. 


Table II. Periodicity of germination of m/xjor weed species. 


A. Species dominant in wheat. 


Maximum germination in 
autumn* 

Alchemilla 

Cerastium 

Legousia 

Myosotis 

I’apaver 

Veronica arvensist 
V. hedera3folia 
Viola 


No peak season for 
germination 
Agrostia 
Arenaria 
Juncus 
Matricaria 
Poa 
Vi(ua 


B. Species dominant in barley. 


Maximum germination in 
winter and spring 
Polygonum avieulare 
P. convolvulus 


No peak acjison for 
germination 
(’apsella 
Clumopodium 
(hiaphalium 
Lamiiim 
Senecio 
Spt^rgula 
Stella ria 

Veronica buxbaumiif 


* For convenience of reference autumn implies Octobc;r-l)oeembiT, winter implies January- 
March, spring implies April-^Junc, summer implies July-»Sept(?raber. 

t At Rothamsted also Veronica arvemis and V. hedercefolia anj correlated with continuous 
wheat, and V. {buxbaumU) jxflita with continuous barley. 


The species dominant with barley are equally definite. No dominant weeds 
occur whose maximum germination is in autumn, as the bulk of their seedlings 
are cut down before the crop is sown. Polygonum avieulare and P. convohmlus ' 
are late germinating species, plentiful in both crops, but probably somewhat 
reduced in wheat by competition due to the greater development of the crop 
at the normal time of germination of the weed. The species with no definite 
periodicity are less easy to account for, tmless it is they are more susceptible 
to competition at the time that the wheat is covering the ground with its tillers, 
while the barley is yet too small to be a serious competitor. In this case there 
is no definite, clean-cut factor, such as ploughing, to cause a sweeping re- 
duction of any species among wheat as compared with barley, and this is 
shown by the number of weed seeds present on equal areas. Whereas the species 
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dominant in wheat gave 12,537 seedlings in wheat against 1 ,871 in barley, those 
dominant in barley gave 6,135 in barley against 2,103 in wheat, Spergula being 
omitted in both cases. 

It is advisable to exclude Spergula in making the comparison, as it is so 
abundant in both crops that it swamps the other species collectively, and 
might be suspected of masking the true result. This, however, is not the case, 
as no alteration is brought about by its inclusion. 

III. Influence of methods of cultivation on the 

WEED SEED POPULATION OF SOIL. 

Soil samples were taken annually, both at Rothamsted and Woburn, the 
procedure and method of after-treatment being fully described in the previous 
paper (pp. 238-40). Complete data for the Rothamsted area are now available 
as to the effect of the first and second years’ fallowing as contrasted with the 
improved cultivation of the cropped portion. In the case of Woburn the whole 
field was put under fallow, so no comparison with crop cultivation is possible, 
attention being therefore confined to the results of fallowing. From the 
ecjological point of view the interest lies in the varying response of the different 
species to the two forms of human interference with their natural habitat. 

When land is deliberately left fallow in order to reduce weed infestation, 
the chi(if aim is to encourage germination of the buried weed seeds, and to cut 
down the seedlings before any have developed far enough to flower and produce 
more seed to re-infest the soil. This entails repeated working of the ground at 
intervals which vary according to the seasonal conditions prevailing. At the 
same time, these cultivations tend to bring fresh supplies of seed nearer to the 
surface and into conditions favourable for germination. It has become evident 
that the crux of the situation lies in the length of time between cultivations; 
since for certain weeds, under certain seasonal conditions, the period of safety is 
far less than is usually reckoned. For a clearer understanding of this point in 
its relation to individual species, it may be useful to summarise here (Table III) 
the processes of cultivation on the cropped and fallowed parts of Broadbalk 
Field at Rothamsted during this period of the experiment. Table III has 
general reference to sections 1, 2 and 3, in conjunction with which it should be 
read. 

The numbers of viable seeds vary so greatly, both from species to species, 
and from plot to plot for any one s])ecies, that it is difficult to follow the trend 
of events if the actual totals only are considered. For purposes of comparison 
these total figures have lieen recalculated to a basis of 100 of the seeds present 
in the soil at the beginning of the experiment, i.e. really on a percentage basis, 
but the actual figures are also given in any tables utilised. 

The experiment under discussion provides data as to the varying response 
of different weed species to identical fallowing treatment, and also affords a 
comparison of the effect of cropping and fallowing on the same species. For 
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the sake of clarity these two points will first be dealt with separately and 
summarised together at a later stage. 

Table III. Broadhalk Field cultural operations^ 1925-7. 


1925 Fallowed, top three-fifths 

Oct. 28- PlougJied 

Nov. 13 


1926 

Feb. Furrows turned back 

April 20 Disc harrowed 

May 25, 26 Disc harrowed both ways 

June 1 Cross out with path hoo (like 

a broadshare) 

June 15, 19 Cross ploughed (horses) 

July 26, 31 Tractor cultivated both ways 

Aug. 4 Thistles cut with thistle bar 

and tractor 

Aug. 5 Harrowed 

Se^t. 29- Ploughed landways 

Oct. Thistles cut 

1927 

Feb. 1 Cross -ridged, completed 

March 3 

March 29 Started splitting ridges, com- 

pleted Aj)ril 6 

May 14 Split ridges again, completed 

May 17 

May 20 Harrowed down ridges, com- 

pleted May 23 

June 23 Ploughed across the plots and 

finished July 9 

Aug. 4, 5 Disc harrowed 

Aug. 6 Thistles cut with tliistle bar 

and tractor 


1925 Cropped, bottom two -fifths 

Oct. 28- Ploughed with tractor 

Nov. 13 

Nov. 24 Drag harrowed 

Nov'. 25 Wheat drilled, harrowed after 

1926 

March 17 Began to harrow out gross 
April 15 Hoeing begun with “Planet’^ 

cultivator and continued 
when possible 

June 3 Thistles pulled up after rain 


Aug. 26 Wheat cut 

Sept. 9 Wheat carted 

Sept. 29- Ploughed 

Oct. 4 

Oct. 8 Worked down and wheat 

drilled 

1927 

March 22 Wheat harrowed 

April 21 Horse hoed 

May 5 Began hand hoeing 


Aug. 26 -27 Wheat cut 


(1) Response of different spe^ie^ to identical fallowing. 

(a) Rothamsted wheat. 

The effect of fallowing on the weed seed population of the soil is really the 
resxilt of a single factor, i.e. human interference with seedUngs which have not 
been allowed to flower and develop seeds. If fallowing is efficiently carried 
out every germinating seed is put out of action, and the degree of reduction 
depends upon the proportion of the seed population which is brought into a 
favourable position for germination during the process of cultivation. The 
seeds which are still in a natmally dormant condition will not germinate, even 
when thus favourably placed, and the varying response of different weed 
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species to fallowing is chiefly due to the variation in their period of natural 
dormancy. If, however, fallowing is not properly carried out, or if the period 
between cultivations is too long, certain of the seedlings in some species may 
develop far enough to produce seeds which aid in re-stocking the soil, thus 
vitiating the beneficial effects of the fallow for those species. 

The simplest way to demonstrate the very variable response of different 
species is to arrange them in numerical order of response per 100 seeds present 
before fallowing. 

Table IV. Number of viable buried seeds from equal areas in 
three successive years. {All seven plots together.) 

Land cropped 1925, fallowed 1920, 1927. 


Actual popidation Relative population 

per 21 eq. ft. in percentages 



1925 

1926 

1927 

1925 

1926 

I927 

Group A 

C’apsel 1 a bii raa • pius to r i h 

222 

243 

216 

100 

109 

97 

Arenaria serpyllifolia 

:i8i 

400 

350 

100 

105 

92 

Veronica buxbaumii 

117 

123 

75 

100 

105 

64 

Group B 

Veronica hedera?folia 

91fi 

712 

375 

100 

78 

41 

Papaver rlueart 

4t,5(i4 

28,143 

20,489 

100 

63 

46 

Group C 

Matricaria inodora 

127 

(i7 

45 

l(M» 

53 

35 

Linaria minor 

201 

105 

54 

100 

52 

27 

Logousia hybrida 

()58 

322 

250 

100 

49 

38 

Euphorbia exigua 


172 

35 

100 

49 

10 

Veronica arvennis 

:b22i 

1,541 

687 

100 

48 

21 

Alchemilla arveiiHiH 

5,(>58 

2,463 

1,799 

1(H) 

43 

32 

(iroup D 

Bartsia odontite 

128 

51 

41 

100 

40 

32 

8onchu8 arvensis 

125 

47 

24 

100 

38 

19 

Myosotis arvensis 

774 

281 

135 

JOO 

37 

17 

Caucalis arvensis 

275 

101 

41 

100 

37 

15 

Group E 

Galium triconie 

60 

20 

6 

100 

30 

9 

Atriplex patula 

452 

130 

53 

1(X) 

29 

12 

Polygonum convolvulus 

42 

12 

1 

KK) 

29 

2 

Senecio vulgaris 

372 

103 

28 

l(K) 

28 

7 

vEthusa cynapium 

283 

70 

23 

1(X) 

25 

8 

Medicago lupulina 

153 

38 

10 

KK) 

25 

7 

Polygonum aviculare 

1,130 

275 

43 

100 

24 

4 

Anagallis arvensis 

95 

22 

26 

KX) 

23 

27 

Alopocurua agreatis 

5.440 

1,224 

240 

100 

22 

4 

Soandix pecten 

604 

111 

20 

100 

18 

3 

8tellaria media 

104 

16 

11 

KK) 

15 

11 

Galium aparine 

243 

34 

20 

KK) 

14 

8 


The species are arranged in order of the reduction undergone during the first year’s fallowing. 
Those in heavy type in the last column arc species which behaved abnormally for their group in the 
second year’s fallowing. 

After a single year’s fallowing the remaining viable seeds present varied 
from 109 per cent, to 14 per cent, of the original numbers, a second year’s 
fallowing reducing these to from 97 per cent, to 2 per cent. The further re- 
duction in the second year averaged about 20 per cent., with a few noteworthy 
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exceptions, which are clearly seen if the species are grouped, as in Tables IV 
and V. 

Table V. Summary of effect of fallowing on percentage of buried weed seeds. 

After one year’s fallow After two years’ fallow 


Group A. 

Over 100% 

100-90 %, except Veronica huxhaumii 
64% 

B. 

.. 61-80% 

41-50 % 

„ c. 

„ 41-60% 

21-40 %, except Euphorhia exigua 
10% 

„ D. 

31-40% 

13-20 %, except Bartsia odontites 32 % 

.. N. 

.. 10-30% 

12 % and below, except Anagallis 
arvensis 27 % 


Group A. The most unexpected result was the behaviour of Capsella, 
Arenaria and Veronica huxhaumii in keeping up their numbers in spite of the 
frequent disturbance of the soil, but an adequate reason is revealed by a correla- 
tion of the habits of the species and the ctiltiiral operations carried out. 
Arenaria and V. huxhaumii are characteristically trailing species that begin to 
flower and fruit at a very early stage, comparatively soon after germination. 
As they continue flowering over a long period the soil is freely replenished with 
seed. The importance of the insignificant, earliest formed flowers has never yet 
been fully appreciated, but it is now becoming evident that this neglected 
habit is at the bottom of many failures to reduce weeds by methods of cultiva- 
tion. Capsella is not obviously of the same type, but under certain conditions 
it behaves very similarly. Many plants will produce large rosettes of leaves 
and delay flowering till they arc thoroughly well established. On the other 
hand, search among Capf^ello colonies, particidarly during the wuter months, 
reveals numerous tiny plants, perhaps only half an inch high, flowering and 
producing seed at a very early stage in their life history. In the previous paper* 
it has already been shown that these three species germinate freely during the 
winter months. Capsella germinates readily all the year round with a certain 
maximum in the spring, Veronica huxhaumii also germinates at anytime, with- 
out any peak period, whereas Arenaria comes up freely in winter and spring, 
very few seedlings appearing in the summer. An examination of Table VI shows 
various undisturbed periods when the land was imder fallow during which it 
would have been possible for these species, with their particular habits of 
growth and germination, to replenish the soil with seed. 

It is probable that the danger point for these species is the long slack period 
from October or November to March or April, when those in charge of farm 
operations would not be expecting that any plants would be sufiiciently 
active in seed formation to do any damage. 

The winter period, October to April, was particularly favourable in 1925-6, 
as the mean temperature in every month exceeded the average of that for the 
53 years 1878-1930 (Table VII). The following winter the mean temperature 

1 Brancliley, W. E. and Warin^on, K., This Joubn. 18, No. 2, 235-72, 1930. 
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equalled the average, and the relative mildness of both seasons was doubtless 
favourable to the germination and growth of the species under discussion. 

Table VI. Fallowing operations on Broadbalk Field, 

Intervals bettveen cultivations, 

Nov. 13, 1925— Feb. I (or later), 192() ... ... 80 days at least 

Feb. 15 (approx. )-AiJri I 20 64 days approx. 

April 20-May 25 35 days 

June 19- July 26 37 days 

Oct. 4, 1926 -Feb. 1, 1927 ... ... ... ... 120 days 

March 29-May 14 ... ... ... ... ... 46 days 

June 2a-Au^r. 4 42 days 

Table VII. Mean monthly temperatures. 



Oet. 

Nov. 

Dec. 

Jan. 

l^Vh. 

March 

A])ril 

jMean 

1925-6 

192f>-7 

50-3 
50 3 

43-9 

.38-8 

42- 1 
36*3 

38*2 

38-7 

440 
38 1 

43- 2 

44- 6 

48-0 

45-8 

44-2 

41-8 

Av(‘ra^(^ 

1878-19.30 

48-7 

42- 1 

38-5 

37*5 

.38*5 

41-1 

45-4 

41-7 


The reduction in Veronica buxbawrnii which occ^urred after the second year’s 
fallow may be associated with its very short period of natiu*al dormancy. Under 
favourable conditions practically all the seeds will germinate at once, and if a 
high germination happened to be induced shortly before a cultivation the 
number of potential seed producers Avould be greatly reduced, without others 
being in waiting to take their place. This may also have happened sometimes 
during the 1926--7 season, but as Capsella and Arenaria have much longer 
jieriods of natural dormancy, preventing such a large proportion of seeds from 
germinating at once, this particular factor would not operate to reduce them 
to the same degree. 

Group B. Veronica hcdera folia is another trailing species which begins to 
form fruit at a very early stage. Under normal conditions its germinating 
period is practically confined to the autumn, and a fair proportion of seeds 
appear to have a period of more than three years’ natural dormancy. The 
marked autumn periodicity, coupled with the slackness in cultivation during 
the winter months, obviously permitted a certain amount of re-stocking of the 
soil with seeds, thus accounting for the comparatively small reduction to 78 
and 41 per cent, effected by fallowing from year to year. 

Papaver rhceas comes in an entirely different category, as flowering and 
seed production is always delayed till late spring or early summer, although 
seeds may germinate freely from autumn to spring according to climatic con- 
ditions. This habit of flowering subjected Papaver to the full force of spring and 
summer cultivation, so that no opportunity occurred for re-stocking the soil 
with fresh seed. The slow reduction to 46 per cent, in two years effected by 
fallowing in this case must therefore be attributed to the long period of natural 
dormancy in this species. Under experimental conditions in germination pans, 
where a small volume of soil is thoroughly turned over eight times a year, 


1st year 


2nd year 
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poppies are still germinating at the present time (1931) in samples taken in 
August, 1926. This fully accounts for the failure of even prolonged fallowing 
to bring about any adequate reduction of poppies on badly infested land, as 
the remaining seeds which gradually emerge from dormancy very soon 
recolonise the land, owing to the prolific seed production per plant. From the 
practical point of view it is evident that fallowing is an uneconomic means of 
eradicating poppies, and other methods need to be sought to combat them. 

Group C, The species in this group, except Euphorbia exigua^ show a 
medium response to fallowing, about one-third of the original seed stock being 
left after two years’ treatment. Legousia^ Linaria and Matricaria are all species 
which delay flowering until spring or summer and are therefore affected by 
cultural operations. The relatively long period of dormancy in Legousia and 
Matricaria, as contrasted with the short period in Linaria, is reflected in the 
difference in the ultimate reduction of the three species to 38, 35 and 27 per 
cent, respectively. 

Alchemilla and Veronica arvensis are more difficult to reconcile with this 
group, as they might have been expected to be more resistant to the influence 
of fallowing. Both germinate chiefly in autumn, both are of the trailing habit 
which may begin to fruit before sjDring cultivation becomes active, and both 
have relatively long periods of natural dormancy, all of which are factors 
tending to keep up the seed population of the soil. Closer observ^ation of the 
habits of these two species in the field is needed, as it is possible that in spite of 
their habit they may delay flowering till spring or summer, or may be unable 
to ripen seed from the earliest formed flowers. The discrepancy in behaviour 
between the three species of Veronica^ is very marked, F. arvensis being so re- 
duced by fallowing that it is almost on the border line of the lower group D, 

Euphorbia exigua is the one member of this group which shows further 
rapid response during the second year’s fallowing, being reduced to 10 per cent, 
of the original population. This is probably associated with the very short 
period of natural dormancy of the majority of seeds of this species, coupled 
with the habit of summer flowering. It is recognised (previous paper, p. 256) 
that E. exigua tends to be irregular in its habit of germination, which may be 
delayed so as to give a bigger rush of seedlings in the second year than in the 
first from the same samples of soil. It would therefore be unwise to assume 
that the drastic reduction here recorded would always occur with this species 
under similar treatment in different seasons. Further information on this point 
wiU probably emerge from the present experiment as time goes on. 

Group D. Species in groups D and E, with the solitary exception of Bartsia 
odontites, may be regarded as being effectively reduced by fallowing operations. 

Sonchus, Myosotis and Caucalis are all spring or summer flowering, with a 
fairly wide periodicity of germination, and the two former have only short 
periods of natural dormancy. Caucalis is very efficiently reduced considering 
that its natural dormancy is rather long. 



Winifred E. Brenchley and Katherine Warington 1 13 

Bartsia odontites, in spite of its heavy reduction during the first year, was 
little affected in the second season. This was surprising in view of the apparent 
short period of natural dormancy determined during the preliminary experi- 
ment, but there is now some evidence from later observations that Bartsia is 
erratic in its germination and may vary in the length of its natural dormancy. 
If so, it may have happened that seasonal conditions during the second year 
of fallowing were unfavourable to the germination of this species and that 
most of the seeds remained dormant, keeping up a relatively high level of soil 
population. Under other seasonal conditions Bartsia might have coi iC into 
line with the other species of this group. 

Group E. Nearly half of the more abundant weeds fall into this category, 
including some of the most troublesome species, such as Alopecurus, The peak 
period of germination varies considerably within the group, but with the two 
exceptions of Stella rm and Senecio all are plants which normally flower in 
spring and summer and are, therefore, open to influence by cultivation. In the 
majority of cases the period of natural dormancy is short, and this fact, 
coupled with the incidence of flowering, results in a fairly complete clearance 
of vial)le seeds from the soil during two years’ continuous fallow. 

Anagallis arvensis is the only species in which no further reduction was 
effected by the second year of the fallow^ which was doubtless partly due to 
the long period of natural dormancy pr(‘venting so thorough a clearance. Some 
other factor also appears to have operated here, as this is the only instance 
where no reduction at all occurred in 1927. The possibility exists that seasonal 
conditions in this year wer(‘ v(vrv favourable to the rapid germination and 
growth of Anagallis. so that it was able to set seed and replenish the soil in the 
interval betwec'n cultivations, particularly from March 29th to May 14th. The 
records, however, show nothing abnormal in the weather conditions at this 
time, as average conditions of temperature, rainfall and bright sunshine were 
prevailing. Soil replenishment might also have happened between June 23rd 
and August 4th, except that summer germination is abnormal, though some 
climatic factor might have induced it on this occasion. Though average tem- 
peratures prevailed, this jieriod was very deficient in bright sunshine and the 
rainfall was rather above the mean for 78 years, which may have been a com- 
bination of circumstances favourable to this species. 

Stdlaria and Senecio will germinate' freely all the year round, though Senecio 
tends to a maximum peak in spring. Both plants, likewise, flow^er and fruit 
to some extent at all seasons, but the seeds have very short periods of natural 
dormancy. Consequently when a good seed bed is produced by fallowing the 
bulk of the seeds germinate soon after they are shed, and as this hajipens more 
rapidly during the spring and summer the numbers destroyed by cultivation 
far exceed those replaced in the soil during the slack winter period. The short 
period of dormancy is the critit^al factor, as with constant cultivation and in- 
duced rapid germination, relatively few seeds are left to carry out recolonisa- 
Joum. of Ecology XXI 8 
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tion, and this much more than counter-balances the number added by winter 
flowering plants. 

(6) Woburn ivheat and barley. 

It was originally intended to treat these plots in exactly the same way as 
at Rothamsted and to fallow them intensively for two seasons, but owing to 
unavoidable circumstances no cultivations were carried out between January 
and July in the second year. This to a large extent minimised the value of the 
fallow from an agricultural point of view, but provided a most practical object 
lesson on the rapidity with which certain species will recolonise cleared land, 
unless active repressive measures are maintained against them. The longest 
intervals between the cultivations of the Woburn barley plots are set out in 
Table VIII, those for wheat being much the same, varying by a few days only. 

Table VIII. Fallowing operations in Stackyard Field, Woburn, Prolonged 
intervals between cultivations on barley phis, 

March 10-May 17, 1927 08 days 

August 22-Novomber 2, 1927 72 days 

January 9-tJuly 0, 1928 179 days 


Table IX. Number of viable weed seeds from eqwxl areas in three 
successive years {Woburn), {All plots together.) 

Laud cropped 1920; fallowtMi 1927, 1928. 


Actual population per 8| sq. ft. Relative population in jjcrcontjiges 


Wlieat 

Barley 

Wheat 

Barley 

'l920 1927 

I'jatT 1920 1927 

1928 ' 1920 1927 1928" ' 1920 

1927 1928' 


Group A 

Myosotis arverisis 

87 

103 

39 

— 

1 

— 

RX) 

118 

45 

— 

— 

— 

Alcheniilla arveiisis 

•1,520 

4,197 

3,271 

44 

11 

27 

100 

93 

72 

KK) 

25 

61 

Papaver spp. 

131 

110 

70 

4 

12 

12 

100 

84 

53 

— 

— 

— 

Group B 

Legousia hybrid a 

(K) 

41 

24 

23 

34 

]3 

1(X) 

69 

39 

100 

148 

57 

Veronica hedenefolia 

48 

30 

95 

1 

— 

3 

100 

61 

195 

— 

— 

— 

Group C 

Viola arvensis 

no 

07 

52 

13 

10 

13 

100 

58 

45 

— 

— 



Aronaria serpyllifolia 

84 

47 

05 

0 

3 

8 

1(K) 

56 

77 

— 

— 



Veronica arvensis 

407 

200 

101 

137 

12 

28 

100 

49 

40 

100 

9 

20 

Spergula arvensis 

8,475 

3,907 

3,470 

10,110 

7,389 

4,707 

1(X) 

47 

41 

KK) 

46 

30 

Matricaria inodora 

3,183 

1,402 

1,210 

234 

99 

03 

1(K) 

4() 

38 

KK) 

42 

27 

Agrostis stolonifera 

181 

79 

143 

80 

41 

131 

100 

44 

79 

KK) 

48 

152 

Juncus bufonius 

339 

145 

427 

8 

2 

25 

100 

43 

126 

— 

— 

— 

Group D 

Gnaphalium uhginosurn 341 

110 

90 

1,007 

106 

190 

100 

32 

28 

KX) 

11 

19 

Group E 

Cerastium vulgatum 

435 

125 

181 

1 

— 

2 

100 

29 

42 

— 





Poa annua 

2,810 

720 

771 

1,314 

390 

1,019 

100 

26 

27 

100 

30 

78 

Stellaria media 

280 

72 

158 

915 

335 

435 

100 

26 

57 

100 

37 

48 

Vicia hirsuta 

134 

32 

38 

— 





KK) 

24 

28 





Veronica buxbauinii 

14 

12 

9 

m 

228 

211 






KX) 

27 

25 

Capsella bursa-pastoris 

255 

33 

70 

1,520 

523 

535 

100 

13 

27 

100 

34 

35 

Kumex acetosella 

43 

4 

7 

56 

2 

2 

100 

8 

17 

100 

4 

4 

Senecio vulgaris 

39 

2 

4 

84 

17 

28 

100 

6 

9 

100 

20 

33 

Lainiuin arnplexicaule 

70 

4 

8 

185 

50 

32 

100 

5 

12 

100 

27 

17 

Polygonum aviculare 

1,041 

37 

119 

1,316 

42 

104 

100 

4 

11 

100 

3 

8 

Chenopodiura album 

7 

— 

1 

162 

25 

34 

— 

— 

— 

100 

15 

21 
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In Table IX the Woburn weed species are arranged in the order in which 
they were affected by the first year’s fallowing on the wheat land, which 
carried more weeds than the barley soil, Spergula being excluded. For con- 
venience of reference the species are grouped according to the percentage of 
buried seeds remaining at the end of the year, as follows : 

Group A. Over 80 % Group C. 41 00 % 

„ B. 01-80 % „ D. 31-40 % 

Group E. O-BO % 

These groups correspond to those on Rothamsted soil, except thab group A 
ranges from 80 per cent, instead of 100 per cent, upwards, and group E extends 
below the 10 per cent, of the parallel Rothamsted group. 

The comparisons emerging from this table are dealt with under the following 
headings, (a), (jS) and (y). 

(a) Effect of first years fallow on Woburn wheat and barley land. Several 
species which are prominent on the wheat plots are either absent from the 
barley plots or are there present in such small numbers that the percentage 
figures are entirely meaningless and arc therefore omitted. Only with Cheno- 
podium album and Veronica buxbaumii did the reverse position occur. 

In all species of which the seeds were initially present in any abundance 
the reduction due to fallowing was practically equal on the wheat and barley 
soil. Spergula^ Matricaria^ Agrostis, Poa, Polygonum^ aviculare and probably 
Sfellaria come into this category, which also includes Rumex acetosella in spite 
of its small numbers. Wherever discrepancies occur it will be noticed that 
relatively few seeds were present on one or other of the soils, in which ease the 
reduction was usually great(U', as with Alchemilla, Veronica arvensis^ Capsella, 
Senecio and Lamium ampUxicaule, Gnaphaliurn, however, showed the greater 
reduction on the barley soil which originally contained the most seeds, and 
with Legousia there was a reduction on the wheat soil and an increase on the 
barley soil, which is not easy to explain. 

(j8) Comparison of effect of first years fallow on Rothamsted and Woburn 
reheat soil. At Rothamsted fallowing operations began with the first ploughing 
in October, but at Woburn the land was left untouched until January, a pro- 
cedure which had a marked influence on the comparative reduction of certain 
species. At Rothamsted Capsella, Arenaria and Veronica bicxbaumii reaped the 
advantage of the long quiescent winter period which afforded opportunity to 
restock the soil, and these species were able at least to maintain their position 
in spite of the later cultivation. At Woburn, after the initial samples were 
taken in January, no such opportunity offered during the first year of fallow- 
ing, and considerable reduction occurred, especially with Capsella and Veronica 
buxhaumii. The late ploughing had a reverse effect on Alchemilla, which is 
specifically an autumn-germinating species, with the result that far fewer seeds 
in proportion germinated at Woburn, and the reduction by fallowing was com- 
paratively small. Myosotis is also largely an autumn-germinating species, heavily 

8-2 
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reduced at Rothamsted and apparently unaffected at Woburn. No weight must 
be placed on the percentage increase on Woburn wheat, as the actual number 
of seeds was small enough to be seriously affected by the inevitable large ex- 
perimental error. With all other species the response to fallowing was of the 
same order on the two areas, the variations being easily accounted for by the 
difference in the fallowing operations coupled with the probable variation in 
the rate of germination of any one species on the different soils under somewhat 
different climatic conditions. 

(y) Recolonisation on Woburn soil during defective fallow. An analysis of 
Table IX (given in Table X) shows that the weed species fall into three classes, 
according to their reaction to the conditions of the defective fallow from August, 
1927 to July, 1928. The first of these classes in which the reduction was con- 
tinued in the second year is quite distinct, but the other two overlap to some 
extent, as Gnaphalium, Poa and Capsella showed an increase on one soil but 
were not influenced by the fallowing on the other. In reality these two latter 
classes could be merged, as the fact that a species shows no reduction implies 
that some measure of recolonisation must have occurred to provide seeds to 
replace those eliminated by the fallowing operations. This would apply to 
VicAa, Chenopodium and Veronica huxbaumiiy but the numbers of Rurnex 
acetosella after fallowing were too small to consider seriously. 


Table X. Results of second yeaVs fallow on Woburn soil compared with 
position after first year's fallow^. 


Decrease 
Myosotis 
Alehemilla 
Papavor 
Logon si a 
Viola 

Veronica arvensis 
Nperguia 
Matricaria 
Lamium 


No significant effect 


Unaplialiuin (on wh(?at) 

Poa (on wlieat) 

V'icia 

V^eronica biixbaumii 
(Jai)sella (on barley) 
PiiMK'x acetosella 
Chenopodium 


Increase 

Veronii*a hederadol ia 
Artmaria 
Agios t is 
.1 uncus 

Cnaphalium (on barley) 

Cerastium 

Poa (on barley) 

S’teliaria 

(Japsella (on wlieat) 
fSenecio 

J^olygonuin aviculare 


Without exception the species in the first column, showing continued de- 
crease due to fallow, comprise those which germinate freely in the early 
autumn under favourable conditions, and which would therefore have sprung 
up rapidly after the August ploughing in 1927. The November cultivation cut 
these down, and the later plants which appeared during the following spring 
did not ripen sufficient seed to make good the autumn loss. In the case of 
Myosotis, Alehemilla, Papayer and Veronica arvensis some measure of re- 
colonisation doubtless occurred, as the reduction by fallowing was less than 
under Rothamsted conditions. This was probably also the case with Spergula, 

^ For convenience, species arc left in the order in which they occur in Table IX, instead of 
being arranged in alphabetical order. 
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Viola and Lamium, for which no comparative figures are available. Legousia 
and MatTicavia, on the other hand, are late in flowering, and may have been 
cut down by the July cultivation before they had ripened seeds, since they 
were as greatly reduced as at Rothainsted. 

The species showing increase after the second year’s fallowing were types 
without any marked jjeriodicity of germination, with the exception of Veronica 
hederwfolia and Polygonum aviculare. The proportion of seeds germinating in 
early autumn and elirnihatcd by the November ploughing was much smaller 
than in the group considered al)ove, and therefore a relatively heavy crop of 
weeds appeared th(‘ following spring. All the species would be sc^^ding freely 
before the July cultivations, the supplies of fresh seeds being in excess of those 
destjjoyed by the November ploughing, causing an increase in the soil jjopula- 
tion. The tendency of seeds of Polygonum, aviculare to germinate chiefly in the 
early months of the year brings it into this category, but it is very diflicult 
to explain the increase in Veronica hedsrcefolia, as this is typically an autumn - 
germinating species, which would normally have been seriously depleted l)y 
the November cvdtivation. Since the numbers of this weed were quite small, 
little weight should be placed on this isolated discrepancy, which may l)e 
affected by experimental error, accentuated with scattered species. 

(2) Response of different species to identical methods of crop cultivaiion. 

When land is cropped the factors influencing the weed seed population are 
far more complex than when it is under fallow, as the demands of the crop and 
the type of season become of great importance, since they have a direct bearing 
on the question of deliberate human interference from the point of view of 
weed reduction. With autumn-sown wheat late ploughing is impossible, and 
large numbers of weed seeds Avhich would be bi’ought to the surface during a 
year of fallowmig remain in a condition of dormancy, buried too deeply for 
germination. The fate of the seeds which do germinate depends upon many 
factors. From wheat drilling to the first spring harrowing a period of four or 
live months elapses, during wdiich large numbers of seeds germinate, some of 
which produce seedling plants wdthin that time. Others become so wudl 
established along the drills that nothing but hand-pulling wdll remove them, 
a process that is impracticable under modern field practice. Hand or “Planet ” 
hoeing from April onw^ards reduces the number of plants between the drills, 
but it is the season which determines whether the weeds have already scattered 
seed, whether they are cut down before they are sufficiently developed to 
produce seed, or whether large numbers of fresh seedlings appear after hoeing 
and remain undisturbed to replenish the weed seed population before harvest 
time. The natural dormancy of a species is therefore of less immediate im- 
portance when land is cropped, as it is overweighted by the eft'ect of other 
factors. It remains, however, a vital point with regard to future years, as it 
enables a species to have a reserve of viable seed even after a season so un- 
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favourable that fresh seed formation has been at a minimum. This affords one 
explanation of the apparent reappearance of a weed in quantity after it has 
been negligible for some time. 

The natural result of the interaction of so many factors is that conditions 
which encourage some species and lead to a heavy increase in the seed popu- 
lation are adverse to others. As the conditions vary from year to year, 
the balance between the species alters, and in no two successive seasons 
can the weed population be expected to present a similar quantitative com- 
position. If a species is abnormally abundant in any season, so that it stocks 
the soil heavily with its seeds, it is quite probable that it will be relatively 
abundant in the immediately succeeding years, though this does not necessarily 
always happen. The variation from year to year is rather difficult to fallow 
from the actual number of weed seeds present on a given area, and can most 
easily be studied by comparing the relative numbers present during the ex- 
perimental years for every hundred that were originally in the soil at the 
beginning 


Table XI. Number of viable buried seeds from, equal areas in three 
successive years {Rothamsted). {All seven plots together.) 

Land cropped throughout 1925, 1926, 1927. 


Sonchus arvensis 
Myosotis arvensis 
Matricaria inodora 
Medicago lupulina 
Veronica arvensis 
Veronica buxbaumii 
Galium tricorne 
Alopecurus agrestis 
Aren aria serpyllifolia 
Papaver rhceas 
Galium aparine 
Alchemilla arvensis 
Senecio vulgaris 
Veronica hedersefolia 
Anagallis arvensis 
Stellaria media 
Capsella bursa-pastoris 
Polygonum convolvulus 
Euphorbia exigua 
Caucalis arvensis 
A triplex patula 
^thusa cynapium 
Legousia nybrida 
Polygonum aviculare 
Bartsia odontites 
Linaria minor 
Scandix pecten 


Actual population 
14 sq. ft. 


1925 

1926 

1927 

32 

99 

iA 

134 

295 

349 

18 

40 

20 

87 

169 

73 

942 

1,909 

1,204 

84 

217 

361 

15 

20 

16 

4,792 

6,329 

6,562 

236 

249 

269 

46,183 

40,227 

39,078 

116 

97 

228 

3,632 

2,850 

2,720 

260 

196 

96 

561 

391 

296 

54 

36 

24 

103 

63 

29 

220 

133 

307 

49 

2i\ 

9 

165 

84 

21 

75 

39 

80 

374 

168 

124 

127 

43 

36 

‘516 

176 

168 

561 

177 

44 


Relative population in 
percentages 


1925 

1926 

1927 

100 

305 

167 

100 

219 

261 

100 

218 

109 

100 

207 

80 

100 

202 

127 

100 

172 

286 

100 

135 

109 

100 

133 

137 

100 

105 

114 

10<J 

87 

85 

UK) 

83 

196 

100 

79 

75 

KK) 

73 

36 

100 

70 

53 

100 

66 

44 

100 

61 

28 

100 

60 

140 

100 

53 

18 

100 

51 

13 

100 

51 

107 

100 

45 

34 

100 

34 

19 

100 

34 

33 

100 

32 

8 

100 

27 

16 

100 

11 

16 

100 

10 

5 

100 

99 

94 


Total (excluding Papaver) 


i:io 36 20 

343 36 55 

354 .35 16 

13,986 13,913 13,181 
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Table XI shows the actual number of viable seeds of the twenty-seven 
major species that germinated from all the samples, totalling 14 sq. ft. in area, 
taken from the cropped part of the plots during three successive experimental 
years. The number of poppy seeds always exceeded the aggregate of the rest 
of the species to such an extent that it has been necessary to consider them 
separately and to omit them in making comparisons between the other species. 

PajHiver showed the considerable decrease of 13 per cent, in 1926, but re- 
mained constant the next year. This first decrease may have been due to 
particular care being taken with the spring hoeing, with the delibeiate in- 
tention of cutting down the poppy seedlings at the most vulnerable stage, since 
poppy was one of the chief weeds against which reduction measures were l)eiiig 
directed. The total number of viable seeds of all other species was remarkably 
constant, showing hardly any change in 1926, and only being reduced to 94 per 
cent, of the original in 1927. Although the total number varied to such a small 
extent, very considerable fluctuations occurred for each species from year to 
year. 

Calculation of the figures to a basis of every hundred present in 1925, re- 
presenting the initial condition of the field, renders it possible to show the 
degree of increase or decrease in succeeding years for individual species. In 
the first season nine species showed increase, Sonchus being tripled, and Myo- 
satis, Matricaria, Medicago and Veronica arvensis being doubled in quantity. 
The remaining seventeen species were reduced in varying degrees, Linaria and 
Scandix only persisting to the extent of about 10 per cent, of their original 
number. 

In the 1 927 season four of the leading weeds, Sonchus, Matricaria, McAlicago 
and Veronica arvensis showed an average reduction of 50 per cent, and only two, 
Myosotis and Veronicji huxbaiindi, were significantly increased. On the other 
hand, among those weeds which were heavily reduced in 1926, Galium aparine, 
Capselki and Caucalis were more than doubled, while Senecio, Euphorhia, 
Stellaria, Polygonum avicutare and P. convolvulus were further reduced by 
more than one-half of their surviving number in 1926. These wide fluctuations 
arc obviously correlated witli the season, habit of growth of individual species, 
the time and thoroughness of cultivation, and the degree of crop com- 
petition, and studies on individual species would be necessary to ascertain 
with any accuracy the nature of this correlation. With an early season and 
late cultivation considerable increase might be expected in those species which 
germinate in autumn or very early spring, as they have time to mature many 
seeds before they are interfered with. On the contrary, a late season and early 
cultivation might allow the escape of those species which germinate most freely 
in spring, since more seedlings would come up after the hoeing and be able to 
recolonise the soil with seeds if they were able to withstand the competition 
of the crop. In an attempt to reduce annual weeds while the land is under 
crop, it seems probable that the greatest measure of success is associated with 
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two or more cultivations of which one is early and one fairly late in the season, 
as by this means a wide range of species is attacked at vulnerable periods. This 
is indicated in the present case. In 1926 harrowing began on March 17th, and 
hoeing on April 15th. This lapse of one month, without any later cultivation, 
was insufficient to bring about any significant reduction in the total number of 
buried seeds per unit area, although the numerical balance of species was 
altered. In 1927 cultivation was more thorough, with harrowing on March 
22nd, horse hoeing April 21st, and hand hoeing May 5th. This third later 
cultivation was possibly the factor which aided in the reduction of the total 
weed seeds to 94 per cent, of the original supply. 

(3) Com/parison of the effect of fallowing and crop cultivation 
on the seed population of the same species. 

The curves in Figs. 1-4 are derived from the relative populations given in 
Tables IV and XI. They represent the number of weed seeds, for every hundred 
originally present, that were found in the soil during 1926 and 1927 on fallowed 
and on cropped areas. To a certain extent the different species can be grouped 
according to their response to treatment, but care must be taken not to 
generalise too freely from the data given. 

(a) Species responding to cropping and fallowing in the same general direction. 

Euphorbia exigua (A) and Polygonurnav^^icidare (B) were heavily and equally 
reduced by fallowing and cropping. Both species have a very limited period of 
germination, practically confined to the early months of the year. The spring 
cultivations were evidently favourably timed, and cut down these seedlings 
before flowering occurred, and there was no later germination from the re- 
maining buried seeds. Restocking of the soil did not occur in either year and 
drastic reduction was the result. 

Scandix pecten (C) was similarly affected, although its time of germination 
is in the autumn or very early in the year under field conditions. Its suscepti- 
bility to reduction mider crop conditions is prol)ably due to its late seed ripen- 
ing, together with the lack of germination during the late spring and summer 
months. In 1926 the reduction appeared to be rather greater under crop than 
imder fallow, but this difference might easily be due to experimental error, 
which is inevitably very large in an investigation of this nature. 

Veronica hederafolia (D) resembled Scxindix in its response, but was less 
adversely affected. The autumn and winter germination, coupled with the rapid 
flowering of the species, doubtless provided opportunity for early seed pro- 
duction with both forms of treatment, though the cultivations were sufficiently 
effective to prevent the main seeding and to cause a considerable steady 
reduction on balance. 

With Mthusa cynapium (E), A triplex patula (F) and Polygonum con- 
volvulus (G) maximum germination occurs in the early months, but the period 
















Fig. 2. Comparative effects of fallowing and cropping on the numbers of viable weed seeds in 

Rothamsted soil. — = Fallowed. = Cropped. 0 = 1926, before experiment started. 

I = 1926, after I year’s treatment. 2 = 1927, after 2 years’ treatment. 
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is more spread over and seedlings appear to a later date. As a result, the 
reduction under crop was rather less than under fallow, as a certain number of 
the later seedlings escaped being cut down and replenished the soil population 
to some extent. 






Flo. 3. Comparative effects of fallowing? and cropping on the numbers of viable weed seeds in 

Rothamsted soil. = Fallowed. = Cropped. 0 = 1925, before experiment started. 

1 = 1926, after 1 year’s treatment. 2 = 1927, after 2 years’ treatment. 


An unexpected reversal of the usual behaviour was obtained with Bartsia 
odontites (H), Legousia hybrida (I) and Linaria minor (J), in all of which the 
reduction under crop was greater than under fallow, particularly with Linaria 
in 1926. In all three cases the chief reduction under crop occurred in 1926, the 
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behaviour in 1927 varying with each species. It is difficult to account for this re- 
sult unless it is in some way bound up with the different soil conditions induced 
by fallowing and crop cultivation. The three species are noticeably irregular 
in their occurrence in the field, and Linaria is very localised. As a general rule 
they are more or less insignificant members of the weed flora, but occasionally 
one or other forces itself into notice on account of its abundance in a particular 
year. Linaria, too, is very susceptible to crop competition, and the number of 
seeds that have germinated in these experiments gave promise of a much 
heavier infestation than actually occurred, owing to the young plants being 
crowded out by the crop. It must be nunembered that the number of buried 



Fig. 4. (^jniparativc cfTcctH oJ fallowini^ and croppinji; on tho numbers of viable weed seeds in 

Rothamsted soil. a [lowed. — (-ropped. 0 1925, before experiment started. 

1 - 1921), after 1 year’s treatiruait. 2 - 1927, after 2 years’ treatinent. 

seeds per unit area at the time soil samples are taken is the result of the 
effectiveness or otherwise of the previous season’s crop or fallow, and has been 
influenced by the climatic conditions during that season. 

Stellivna media (K), Anagallis arvensts (li) and Senecio vulgaris (M) form 
another group in which reduction of soil population occurred with both treat- 
ments, fallowing being the more effective in the first year, and crop cultivation 
more advantageous in the second. The three species begin to bloom early in 
development and have a long continued flowering period, which enables young 
plants to aid seed replenishment even though they may be cut down before they 
have completed their growth. The behaviour of Stellaria and Anagallis in 1927 
suggests that while the crop cultivation and competition continued to reduce 
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the buried seeds, there must have been periods during the fallowing when some 
seedlings were able to flower and fruit, thus keeping the soil population at 
much the same level at the end of the second season. 

With Papaver rhwas (N) fallowing only reduced the buried seeds by about 
half, on account of their long period of dormancy, but crop cultivation had very 
little real effect, as a small reduction in 1926 was not continued the following 
year. This species is of difierent habit from any previously considered, in that 
it has a long period of growth before flowering occurs, and any plants which 
escape being cut down form such large numbers of seeds that relatively few 
are needed to replace the seeds which have been eliminated. This, coupled with 
the large proportion of seeds which escape by lying dormant, enables Papaver 
to maintain its position and to increase rapidly in favourable situations, 
rendering it a very pernicious weed on accoimt of the difficulty in effecting a 
reduction. Fallowing is not an economic proposition, as recolonisation is very 
rapid from the dormant seeds, and so far no really effective method of eradi- 
cation has been found. Fortunately, poppies are on the whole somewhat 
particular as to habitat, and it is only under unusual conditions, such as occur 
on Bi'oadbalk with continuous wheat, that the weed will establish itself and 
spread freely on the less congenial soils. Doubtless, if this had been recognised 
twenty years ago, and the poppies carefully hand weeded from BroadbalJv on 
their first appearance, the present state of affairs would never have arisen. 

Alchemilla arveyisis (0) closely followed Papaver in its behaviour, though 
the reduction was rather greater. Here again, the long period of dormancy kept 
an ample supply of seed in the soil, which gradually became capable of 
germination and provided means for re-stocking the soil later. 

(b) Species responding irregularly to cropping and falioiving. 

Most of the remaining species show much wider fluctuations than those so far 
considered, the effect of the two treatments being usually very different. With 
Alopecurus agrestis (W), Myosotis arvensis (P) and VeronicAi huxbaumii (Q) a 
steady increase in numbers occurred under crop in both seasons, while fallowing 
heavily reduced the first two and caused an ultimate reduction in the third. 
All have short dormant periods, and will germinate freely on coming into 
favourable positions, and if they are not cut they seed freely, whereas if they are 
killed out before seeding there are relatively few dormant seeds left to germinate 
later and make good the loss. Evidently the hoeing of the wheat did not catch 
these three species at a vulnerable time, and their seed population profited 
thereby. Although Alopecurus and Myosotis can be so effectively reduced by 
fallowing, no relaxation of effort is admissible, as the free and al)undant seeding 
from the remaining small percentage in the soil very soon recolonises the cleared 
area unless stringent measures are taken directly the land is again cropped. 

Sonchus arvensis (R), Matricaria inodora (S), Medicago lupulina (T) and 
Veronica arvensis (U) showed fluctuations in soil population under crop, though 
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all were heavily reduced by fallow. The period during which germination may 
occur is relatively longer, and in some conditions, as probably occurred in 1926, 
fresh seedlings must come up after the spring cultivations, and, given a 
favourable season, abundant seed formation takes place. In other cases, as in 
1927, either little fresh germination occurred after cultivation or else the season 
was unfavourable or the crop competition so severe that the loss of buried seeds 
was greater than the replenishment. The same factor of prolonged germination 
gave fallowing its opportunity at successive cultivations, resulting in the heavy 
increase noticed. The result with Matricaria must be accepted with some 
reservation owing to the small number of seeds found in the areas sampled, 
though the bulking of the results from 140 samples, each consisting of three 
borings, tends to minimise the experimental error due to the irregular dis- 
tribution of seeds over the area. The same applies to Galium tricorne (X), of 
which the numbers were really too small to give reliable information. 

Galium, aparine (V), on the other hand, was present in quantity, and in 
common with Caucalis arvensis ( Y) was first reduced under crop and then showed 
a heavy increase the next season, whereas fallowing reduced both species 
effectively. Caucalis has a long period of dormancy and from field observations 
appears to be very dependent on season. Galium, aparine has a medium period of 
dormancy, and no obvious explanation of the discrepancy in behaviour in 
succeeding years presents itself other than the interaction of season, time of 
cultivation and crop competition. 

Capsella Inirsa^pasloris (Z) and Arenaria serpyllifolia (ZZ) resemble one 
another in their resistance to fallowing, discussed earlier (p. 115), but their 
response to crop cultivation was quite different. Arenaria showed a hardly 
significant increase in each year, the re-seeding being slightly higher than the 
reduction. Although Capsella more than held its own under the first year’s fallow 
it was considerably reduced by crop cultivation in the first year, and was able 
to increase in the second season. It is hard to find a feasible explanation of 
this, unless the conditions under (^rop were such as to encourage an extra 
amount of germination after the cultivations had occurred, crop competition 
being then so heavy as to kill out the seedlings at a very early stage, preventing 
soil replenishment. It is quite possible that at the time of hoeing weather con- 
ditions were such that the crop gave protection and kept the soil in good 
condition as a seed bed, whereas on the fallowed area drying out may have 
occurred and more seeds remained dormant in the soil. 

IV. Summary. 

1, The weed seed population of the soil is greatly influenced by the type 
of crop grown. Soil conditions being similar, the composition of the flora 
under continuous wheat arid barley is very much the same, but the relative 
abundance of the constituent species varies greatly, some being favoured by 
the wheat crop and others by the barley. On the whole, the spring cultivation 
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before barley sowing tends to keep the number of buried weed seeds below 
those occurring in the autumn ploughed wheat soil. 

2. When fallowing operations are carried out the various species in ihe 
soil population are differently affected. Most species are reduced in number, 
but the degree of reduction ranges over a wide percentage, while a few species 
may even be increased. These variations seem to depend upon the correlation 
between the times of the fallowing operations and the periods of maximum 
germination of the different species, coupled with the length of their natural 
dormancy. 

3. If the interval between processes of cultivations are too prolonged some 
species are able to reach maturity and replenish the soil with so many seeds 
that the beneficial effect of the fallowing is entirely lost. Weed species vary 
considerably in their ability to recolonise the soil in this way. 

4. When land is cropped the processes of cultivation affect the weed flora 
more variably than is the case with fallowing. On the same area some species 
may be drastically reduced while others may be doubled or trebled in quantity. 
This again depends on the correlation between the date of sowing the crop, the 
method of cultivation, and the habits of the weed species as regards maximum 
period of germination and length of natural dormancy. 

5. Some weed species respond to cropping and fallowing in the same general 
direction, being reduced by both methods of cultivation. Other species may 
be generally reduced by fallowing, but behave variably under crop, being 
increased or decreased in different seasons. 

6. From the agricultural point of view it is apparent that unless fallowing 
operations can be carried out with a much greater degree of thoroughness than 
is usual, reduction of many weeds can be effected almost as well and more 
economically by intensified cultivation while the land is imder crop. Other 
species, however, which tend to increase in some seasons under crop conditions, 
may be more effectively dealt with by fallowing if their predominance justifies 
the expense, which implies loss of crop as well as the cost of numerous 
cultivations. 
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Seventeen species of this group were recognised, of which about seven only 
are common to lioth marshes. Quite possibly certain other species are also 
common to both, as for example Vaucheria, which is not often found in fruit, 
and is therefore not often specifically identifiable. 

Ulothrix flacca and Entercmorjihn minima are important forms occurring 
at Canvey although absent from Ynyslas. Both are abundant in the moister 
marginal zones, Ulothrix especially in late winter and spring. Enteroniorpha 
minima is a characteristic epiphyte on all marginal plants and debris. The only 
form of any importance at Ynyslas which does not occur at Canvey is E, com- 
pressa, which although not abundant, is frequently present as an epiphyte on 
marginal escarpments. E. percursa, which is so abundant at Ynyslas does not 
in general occur at Canvey. There is one solitary record for it at Canvey, a fact 
which it seems rather necessary to verify. On the whole, the Chlorophyceae 
seem to be more important at Ynyslas than at Canvey, since here they may be 
found in quantity among the grasses all the year round, whilst in the latter 
locality they become abundant in the marginal zones chiefly in spring and 
summer. 

1 Prom the Botanical Department, East London College. 

* The order of the gi'nera adopted is as far as possible that found in West and Fritsoli. The 
lett^ers A, B, etc., refer to the phanerogam zones of the salt mamhos (cf. Garter (9), pp. 347-360) 
and the numerals i, ii, etc., refer to the months of the year in which the alga has been found. 
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There is practically no zonation amongst the Chlorophyceae themselves 
with the exception of Ulothrix spp. which, in general, are confined chiefly to 
the lower zones. 


Ulotrichacbak. 

1. Ulothrix flacca (Dillw.) Thur., Wille, 1901, p. 18, t, 1, f. 54-57, t. 2, 
f. 68-63. 

Canvey. A, B, C, and D. x-vi. ^^ig, i, 2-(j. 

This alga, which grew very luxuriantly at certain times of the year, agreed 
very well with the description given by Wille (51). The filaments were very 
long, and about 30-50/x in diameter. The cell wall is of some thickness and 
shows distinct lamellae around each cell. In addition there seems to be a 
firmer sheath to the filaments which is much more resistant than the lamellated 
part of the wall. This outer sheath does not seem to be jointed or interrupted 
at the cross walls, of which it is quite independent. The inner lamellated strata 
are capable of swelling considerably as they seem to do at times of zoospore 
formation. Not infrequently the outer ‘‘cuticle,” if one may so term it, seems 
to fail to grow as rapidly as the living cell, resulting in the appearance shown 
in Fig. 1,4. As described by Wille, the filaments are frequently divided into 
sections separated by thicker cross walls, the sections appearing to result from 
the repeated division of a single original cell. 

The cells each possessed a girdle-like chloroplast, usually of fairly massive 
proportions, containing 4-6 pyrenoids and completely encircling the cell. In 
cells actively growing and therefore possessing a somewhat scanty chloroplast, 
the nucleus could be seen (?ven in the living cells, often occupying a parietal 
position in a perforation of the chloroplast. In cells with more abundant 
content the nucleus is masked by the chloroplast which lies outside it. 

Hazen (27) says that the vegetative cells possess one pyrenoid, but that in 
cells which are reproducing there may be more. Cells possessing a single 
pyrenoid were exceptional in the Canvey material, four being quite the usual 
number. Possibly this may be correlated with the larger size of the cells, which 
were 30-50/x, in diameter as contrasted with 10-25/x, the limits given by 
Collins (11) and Hazen (27). 

The alga is an extremely important one on the Canvey marsh in the early 
spring. Isolated filaments may be found during October- January, but by 
February it increases in bulk amazingly, and during February and March it 
is the most important alga on the marsh, being especially abundant in the 
marginal zones (see also Parts I and III). Cotton (14) also recorded this alga 
in February in Clew Bay and Achill Island, as thin, felt-like masses. At Canvey 
it is most important as far up as the Aster-Salicornia zone; it does not 
flourish much above that level, although it may be found in the Obione and 
Aster-Glyceria zones, and in the marginal parts of the latter it may be quite 
abundant. After March it rapidly decreases in quantity and is only present in 
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small amount until June, after which it was not observed at all until about 
November or December. 

Zoospores were formed abundantly during the maximum growth of the 
alga. Each cell produced a large number, which arc usually extruded into a 



Fto. 1, 1-6, Ulothrix jlacca (DiJlw.) Thur. 7, 2^ vegetative filaments; 5, forming swarmers; 
showing a frequent abnormality; 5, 6', zoogoni»lia. 7, 8, U, pseudoflacca Wille; ,9, 10, U, suh- 
flaccida Wille. 7, 2, 3, 5, 7, 8, 9 and 10, x 545; 7, x 218; 6‘, x 1910. 


vesicle before being released. Occasionally they are imprisoned by the outer 
“cuticle,” which fails to release them (Fig. 1, 3 ). The zoogonidia were not ob- 
served to conjugate, yet they agreed entirely with the description given by 
Wille (51, p. 21) for the gametes of the alga. They were spindle-shaped at first, 
later becoming nearly spherical, and possessed a stigma, two ciUa and a parietal 
chloroplast. A pyrenoid could not be demonstrated. 
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2. U. pseudoflacca Wille, 1901, p, 22, t. 2, f. 64-81, 

Canvey. A, B, and D. ii-v. 

Ynyslas. B, C, and D. i-v. Fig. 1, 7, 8. 

The filaments were 12-21 /x in diameter, and the cells usually very short, 
being sometimes only one-fifth as long as broad, but rarely slightly longer than 
broad. The cell wall showed essentially the same features as U, Jlacca, but 
there are very distinct differences in the cell structure. The form identified 
as r/. pseudoflacca Wille has its cliloroplast in the form of an incomplete band 
and usually possesses a single pyrenoid until the time of cell division. U.flacca 
has a number of pyrenoids, and its chloroplast forms a complete girdle. Wille (51 ) 
in his description does not make these points clear, and it is possible that he 
did not realise the true facts. Both Collins (11) and Hazen (27) are disinclined 
to recognise U, pseudoflacca as a species distinct from IJ , flacca, but in the 
opinion of the writer, because of its smaller size, its different chloroplast and 
solitary pyrenoid, it is a distinct form. Moreover it occurred both at Canvey 
and at Ynyslas, whilst U. flacca has not been seen on the Welsh marsh, and 
therefore seems to have more specialised requirements as regards substratum. 
In both localities U, pseudoflacca was restricted to the lower zones, and is a 
strictly vernal species, not appearing except very rarely until February or 
March, and becoming sparse again by April or May. It never reached the same 
abundance as JJ, flacca^ occurring only as occasional threads among other algae, 
at Canvey often with C7. flacca, 

3. U. subflaccida Wille, 1901, p. 27, t. 3, f. 90-l()() (? U, implexa Klitz. in 

Hazen, 1902, p. 153, t. 21, f. 1 and 2). 

Canvey. A, B, and 1). xi-iv. 

Ynyslas. B, and C. xi-vi. Fig. 1, i), 10. 

There seems to be some doubt as to the correct name of this species. 
Hazen (27) and Collins (11) have adopted the name implexa, but Wille (51, 
p. 22) has pointed out that Kiitzing had not intended to give this name 
to a marine species, and in consequence he re-described several marine forms 
of the genus. The alga found in this investigation agreed fairly well with Wille’s 
description of U . subflaccida. The filaments were 6-10/x in diameter, and the 
cells slightly less than, or up to twice as long as their breadth. The cell wall was 
much thinner than in the two preceding species, and of simpler construction, 
appearing to lack the ‘"cuticle” of the stouter species. Each cell had a plate- 
like chloroplast appressed to the wall, containing a single pyrenoid, and as 
described by Wille, very often there was a considerable part of the wall free 
from chloroplast. The alga occurred sparsely amongst other algae, and was 
never found in great quantity. Both Wille and Hazen state that it usually 
occurs covered with water, but in the present case, although inhabiting the 
marginal zones of both marshes, it must be exposed to the air for many 
days at a time. Reproductive stages were not observed. Like the preceding 
species, TJ, subflaccida is a strictly vernal form. On rare occasions, the alga was 

9-2 
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observed to form short rhizoids, especially when growing on the shifting sand 
at the margin of the Ynyslas marsh (Fig. 1, 10). 

Chaetophoraceak. 

4. ? Endoderma perforans Huber, 1893, p. 316, t. 14. 

Canrey. Rare on soil, Obione, escarpment to Glyceria zone. 

Ynyslas. On Rivularia colonies and on soil of escarpments, vi-ix. Fig. 2. 

This peculiar alga seemed to be equally capable of establishing itself on the 
firm mud of the m argi nal escarpments at Y nyslas or on the colonies of Rivularia, 
which often encrust such escarpments or other parts of the marsh. Huber 
described Endoderma perforans from dead leaves of Zostera, where it was 
penetrating the epidermis and ramifying in the tissues. In the present case the 
alga was living on and within the small hard colonies of Rivularia, sending its 
filaments deep into the gelatinous colonies between the threads of the blue- 
green alga (Fig. 2, 1). The form living on the soil wa& associated with Phor- 
midium between the Rivularia colonies, but it is a little uncertain whether this 
alga is identical with the one inhabiting the Rivularia colonies. It was very 
difficult to separate the soil form from soil particles, but the general habit of 
growth, so far as could be seen, was very much the same as in the endophyte 
of Rivularia. Sometimes, however, the cells of the filaments were very long, 
forming long slender threads, which, being sparsely branched and having feeble 
plastid content, were very suggestive of fungal hyphae (Fig. 2, 3). 

In the case of the Rivularia colonies, it was difficult to obtain a good idea 
of the endophyte and its method of branching, because it was necessary to 
crush the Rivularia, often with the result that the Endoderma threads broke 
up. It appeared, however, that sometimes the green filaments of the endo- 
phyte spread out in a radial fashion from the centre of the colony towards the 

periphery, the cells tending to swell slightly when reaching the outer margin 

oi the colony and also to branch more profusely. Again, sometimes the ends of 
the threads, having reached the periphery of the colony, proliferate to form 
a complex group of cells, from which filaments are given off, creeping along the 
surffice of the colony like runners (Fig. 2, la, 2). The proportions of the cells 
varied very much, the cells being usually nearly as broad as long, 8-14/i wide, 
14-20/1 long, but sometimes very long and slender, 3-5/i wide, 14-70/1 long. 
Although the short broad cells were to be found chiefly at the ends of the 
branches, several changes of diameter in the same filament were not infrequent. 
The cells usually possessed a parietal chloroplast in which one or sometimes 
two pyrenoids were embedded. Some of the short cells often had more pyre- 
noids, and frequently showed dense contents, which may indicate that they 
were about to form reproductive bodies, though none of these were seen. 
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Ulvaceae. 

Minute fragments of Monostroma sp. were occasionally found as epiphytes 
on the persistent dead stems of Aster tripolium at Canvey in the early spring, 
but not in sufficient quantity for determination. 

5. Enteromorpha minima Nageli in Collins, 1909, p. 201. 

Canvey. A, B, C, and D. All the year round. Fig. 6, 1-S, 

Examples of this alga could usually be found as epiphytes on Salicornia, 
Aster or Obione, or occasionally amongst other algae on the ground. It varies 
very much in the size of its fronds, which are sometimes microscopic and 
sometimes reach a length of several centimetres. Sometimes it is deposited as 
drift on the lower parts of the marsh, still attached to fragments of the peri- 
pheral parts of phanerogams. 

6. E. percursa Ag. in Collins, 1909, p. 197. 

? Canvey. B. 1927. xi. 

Ynyslas. B, C, D, and F. All the year round. 

This alga formed one of the most important constituents of the Ynyslas 
marsh, although it was probably less general than Rhizoclonium. It prefers 
the intermediate zones, viz. Armerietum and Lower Festucetum, where it 
often forms local mats 5-8 cm. in diameter and as much as 2-5 mm. in thick- 
ness. The soft mass readily splits into thin sheets, and the lower strata, al- 
though still alive, are not as healthy as the top ones. At the margins of the 
marsh, in the Glycerietum, it is always rare, probably owing to disturbance due 
to tides, but locally parts of the escarpments may be clothed with it. Only 
very rarely is it found in the Juncetum and never in the Upper Festucetum. 
It is peculiar that it was only found on one occasion at Canvey, when it was 
quite abundant locally in the Aster- Salicornia zone. Unless it is subsequently 
found there again this record must be left in abeyance for confirmation. 

7. E. compressa Grev. in Collins, 1909, p. 201. 

Ynyslas. Marginal escarpments. All the year round. 

The plants varied in size from a few millimetres to several centimetres in 
length, and sometimes reached 1 cm. in diameter. They were always attached 
by a definite holdfast, sometimes to the exposed roots of phanerogams or to 
grains of sand on the vertical eroded escarpments of the marsh, or to larger 
algae. The fronds were tubular at the base, becoming broader higher up where 
they were usually compressed to form a ribbon-like thallus, though at times 
they were alternately inflated and flattened. 

8. Enteromorpha prolifera J. G. Ag. formae. 

Canvey. A, B, C, D, and E. All the year round. 

Ynyslas. A, B, C, D, and F. All the year round. Figs. 3, 4 and 6. 

Apart from the species of this genus identified above, examples of Entero- 
morpha in very varied morphological form were very common on both marshes. 
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The different forms varied from long slender filaments, simple or richly 
branched, and found chiefly in the marginal zones, to peculiar convoluted 
prostrate masses lying anchored on the soil between the grasses of the Glyceria 
zones at Canvey or amongst the Juncus haulms at Ynyslas. Although differing 
so widely in morphological form it is believed that all these are modi- 
fications of the same species. Growths of Enteromorpha are much more con- 
spicuous at Canvey than at Ynyslas. In the first locality the alga is most 
abundant from May to July, although it may be present in smaller quantity 
at other times of the year. On the Welsh marsh it did not show the same con- 
spicuous seasonal periodicity, but this may only be due to the fact that it 
docs not play such an important part in the flora of that marsh. At Ynyslas 
it is only very rarely an important constituent of the turf zones; on the other 
hand it is usually quite abundant on the marginal mud flats, or festooning the 
marginal escarpments. 

It seems likely that two distinct forms are concerned, which will be 
described as A and B. 

A. The first one usually has simple slender filaments without true branches. 
The threads are often many inches in length; they seem to have no polarity 
and lie prostrate on the ground forming merely a thin weft or a thicker carpet. 
An attaching holdfast has never been observed, and the filaments are practi- 
cally the same width throughout their length. The most slender filaments are 
only about 40/x in diameter, but the stouter ones may reach a diameter of 

600 /i. 

The cells, which are fairly large and almost rectangular, are arranged, as 
a rule, conspicaiously in longitudinal rows, except for local disturbances, and 
the rows are sometimes twisted in a slight spiral round the tubes. The chloro- 
plast does not entirely fill the cell, and there are usually two or three pyrenoids 
(Fig. 3, 1,4). 

Filaments less than 100 /x in diameter are as a rule quite simple and destitute 
of lateral outgrowths, but wider threads are sometimes invested with what 
may be termed proliferations. These are slender outgrowths of uniform width, 
sometimes only one cell in diameter, sometimes of greater widtli and possibly 
bearing other proliferations (Fig. 3, 2, 3), These proliferations are of practically 
the same diameter throughout their length, and true branches, showing a 
difference in width at the base and apex, are almost never seen. 

In filaments of about 500 ja or more in diameter the longitudinal arrange- 
ment of the cells may be locally interfered with, and in such spots the cells tend 
to be polygonal rather than rectangular. Such disturbances are probably due 
to two causes, resulting either from the formation of proliferations, or from the 
irregular inflation of the larger tubes, which tend to collapse and bulge at in- 
tervals. It is obvious in Fig. 3, 3 and 4 that the longitudinal arrangement 
of the cells is lost when proliferations begin to develop, and also that the con- 
tents of neighbouring cells tend to concentrate towards the point where the 
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outgrowths are being formed. Fig. 3, 5 shows a peculiar case in which two cells 
have formed internal outgrowths projecting into the cavity of the tube. 

The bulging or irregular inflation of the fronds may possibly be a result of 
the subaerial habitat of the alga. The filaments lie on the mud and are flooded 
at rare intervals by muddy tidal water, which deposits a layer of silt over them. 
Thus the threads get more or less firmly fixed down to the substratum by the 
deposited silt. This means that as growth of the thallus proceeds the elonga- 
tion and expansion of the cells is rendered difficult in certain spots where the 
tube is adhering to the substratum. If the thallus is fixed to the so^! at two 
separate points, it will in these circumstances expand laterally as a bulge 
between the two points, and in the bulge the dividing cells will push their way 
in any direction possible, so that the longitudinal arrangement is quite lost 
(Fig. 3, 6). 

It seems likely that the more slender filaments of this form may have their 
origin in the stouter fronds, some of which bear very long proliferations which 
may get broken oft* and become independent (Fig. 3, 2). 

This form of Enteromorpha is characteristic of certain parts of the Canvey 
marsh, especially the escarpment from the Aster zone to lower levels, and ex- 
tends as far up as the Ohione and the Aster-Glyceria zone. Thus it seems to 
require the moister parts of the marsh, but it does not extend down into the 
channels much further than 3 ft. beneath the Aster level. It has never been 
observed in the Glyceria zone at Canvey and ’’t seems doubtful whether it 
occurs at all at Yiiyslas. Attempts were made at Canvey to transplant sods 
bearing this alga from the Aster zone into the Glyceria zone. In all cases the 
surface of the transplanted soil became bare in a few months, indicating that 
the conditions in this zone are not suited to its growth. For this reason it 
seems likely that form A is distinct from form B, which flourishes even in the 
Glyceria zone. It is very difficult to name estuarine forms of Enteromorpha, 
but possibly A may be ascribed to E, prolifera J. (i. Ag. var. tuhulosa Kiitz. 

B. This form of Enteromorpha is much more variable than the last and 
often reaches a much greater size. It may at times possess a basal holdfast, and 
is branched, sometimes having branches of more than one order. In addition 
it may bear numerous slender proliferations. The cells are more angular than 
in A, and rather smaller, with denser contents and usually one pyrenoid. In 
the younger parts of the thallus the cells are in longitudinal rows (Fig. 5, 4), 
but in the older parts, this arrangement is lost (Fig. 5, 5). It has a much wider 
distribution on the marsh than the first form, though its morphology varies 
tremendously in the different habitats (cf. Figs. 4 and 5). At Canvey it occurs in 
all zones from the marginal mud to the Glyceria zone and it has also been found 
in the Armeria zone near Pantile Farm (see Carter ( 9 ), p. 359). At Ynyslas it 
was likewise found everywhere from the open mud flats to the Armerietum, 
and also in the Juncetum zone. In the Lower Festucetum it is only represented 
by small fragments. It forms at Ynyslas the greatest bullc of the unattached 
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weed which lies free on the mud flats or is anchored on the Salicornia plants. 
In less quantity it occurs also in the ropes of alga lying in the Glycerietum (see 
Carter ( 9 ), p. 349). At Canvey it is subsidiary to the first form A on the Aster- 
Salicornia escarpment, but in all other zones it is of far greater importance. 
The determination of this form, like A, presented great difficulties and its 
identity can only be suggested tentatively. It seems to belong to Enteromorpha 
prolifera J. G. Ag., but is present in four different morphological forms, which 
will now bo described. 

I. The simplest is an attached form, though it is more often found lying 
free, torn away from its substratum. It shows a holdfast at one end, and is 
attenuated at both extremities, consisting merely of a simple unbranched 
frond, up to 1| mm. in diameter at the widest part, and as much as 5 cm. long 
(Fig. 4, i). It may bear a few proliferations, especially in the region of the 
holdfast (Fig. 4, 2, 3). The larger plants may be irregularly inflated and crinkled. 
This type is not abundant, but it has been found amongst the Enteromorpha 
tangles in the Aster-Glyceria zone at Canvey, and also in the masses of alga in 
the Sahcornietum at Ynyslas. Fig. 4, 5 is an unusual plant, which has a pro- 
liferating flat thallus of some breadth, and also numerous short slender 
proliferations. 

II. More often the plants are detached and show merely torn extremities, 
though they are still healthy. The fronds are usually slender and much branched, 
the stouter parts not greatly exceeding 2 mm. in diameter (Fig. 4, 4, Fig. 5, /). 
This type is frequent in the marginal masses of alga lying on the shore at 
Ynyslas, of which it forms the bulk, and it also occurs as far up as the Armerie- 
tum, though in less quantity and in more fragmentary condition. At Canvey it 
is sparse with type I in the Aster- Salicornia zone, extending into the Obione and 
Aster-Glyceria zones above, and into the bare channel for a short distance below. 

III. A more conspicuous form of Enteromorpha takes the form of long tubes, 
varying in diameter from 1 to 10 mm. and reaching as much as 30 cm. in 
length, irregularly bulging and contracted at intervals, sometimes bearing 
numerous proliferations (Fig. 4, 6), sometimes appearing to be quite free from 
them. This form is frequent at certain times of the year, lying on the mud 
flats at Canvey and Ynyslas, especially in July and August. The plants are 
quite unattached and at the mercy of the tides. Thus they must very often be 
buried or washed away. This may account for the fact that at Ynyslas in July, 
1929 and 1930, the mud flats were quite destitute of Enteromorpha^ whilst in 
July and August, 1928, these wide tubular fronds had been very abundant. 

If these plants are buried in the sand they readily prohferate new fronds. 
When collected, the basal horizontal tube of the plant shown in Fig. 6, 5, was 
lying buried in the mud of the Sahcornietum at Ynyslas. The cells composing 
this subterranean part were already dead or dying, but abundant new fronds 
had been developed which were streaming out above the surface of the sand. 
Some of the new filaments were quite simple and unbranched, or with short 
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proliferations, but others were abundantly branched. Many such plants were 
found anchored in the mud by means of the fragments of the old wide tubes 
at Ynyslas in June, 1928. It is not known whether the old tubes which had 
proliferated belonged to the season 1927 or 1928, but the probability is that 
they were of the season 1927, since no wide tubular forms were observed here 
in 1928 until July. Possibly, therefore, the marginal Enteromorpha perennates 
by means of its buried fronds. In any case the capacity of the plants for re- 
generating new fronds from a tiny fragment of living cells is very surprising. 
One such fragment is seen in Fig. 5, 6, which shows seven new fronds pro- 
liferated from a fragment consisting of very few cells. 

IV. Another form of Enteromorpha, very different from any of the pre- 
ceding, is the curled form shown in Fig. 4, 7-13. This is to be found in masses 
on the soil between the grasses and other phanerogams in the Glyceria, Aster- 
Glyceria and Ohione zones at Canvey, in the Juncetum zone and also sometimes 
on the marginal escarpment at Ynyslas. The masses are more or less firmly 
fixed in the muddy soil by a cement of silt, there being no attaching holdfast 
or rhizoids. Doubtless the fronds are carried up to these higher levels by tidal 
action and ate stranded there. Because of the astounding vitality of these 
plants just referred to, the fragments remain alive for some time, and may get 
firmly fixed by silt deposited during subsequent tidal submergence. The fronds 
vary considerably in size, 1-8 mm. in diameter and up to 20 cm. in length. 
They are usually quite unbranched, and may cither be simple or bear numerous 
proliferations. Sometimes the end of the frond is firmly rooted in the soil and 
the plant is more or less erect, but more often the filaments are looped, the loops 
being firmly caught in the mud at the base, the upper parts being free (Fig. 4, 
12). The larger plants are usually inflated and flattened alternately in a most 
irregular fashion. Where fixed in the soil the cells usually die, so that the frond 
in Fig. 4 , 11 was found to consist of little more than a hollow dome, one layer 
of cells thick, fixed to the soil at the edges, the part of the original tube which 
lay in contact with the soil having completely decayed away. 

It seems certain that the plants of type IV have developed from fragments 
of types I-III, which have been washed up by the tide and are struggling to 
keep up an existence under unfavourable conditions. Moisture is a problem in 
the higher zones where these plants are found, but the phanerogams provide 
considerable protection from desiccation. It would appear that the conditions 
even allow further development after the fronds are deposited, since it was 
foimd, after carefully washing away the soil from the mass figured in Fig. 4, 7, 
that the slender curly fronds were really proliferated from fragments of larger 
tubes whose remains were hidden in the soil (Fig. 4, 9, 10). Here a tube 4 or 
5 mm. in diameter had given rise to numerous fronds up to 2 mm. broad and 
7 cm. long. Possibly the more slender forms of IV often arise from pro- 
liferating wider fronds in this way, but the stouter forms, such as are figured in 
Fig. 4, 11 and 72, seem to be fragments which have persisted more or less in 
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the condition in which they were deposited. Their convoluted form is probably 
to be explained in part as in the case of A, by the cells actively growing and 



Fig. 5. Enteromorpha ? jjrolifera J . 0. Ag. J and 3, two examples, x 1; 2, part of 7, x 245; d, part 
of a brancli of 1, x 613; 5, part of the main axis of 7, x G13 (the arrow shows the longitudinal 
direction of the filament); 6, a proliferating fragment, x 245. 


expanding the area of the thallus, which, being firmly fixed at certain points 
to the soil, bulges in any possible direction to relieve the expansion. 

The cells of type IV show slight differences as compared with the preceding 
types in relation to the much drier habitat. They are somewhat larger and more 
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polygonal (Fig. 4, 8), Sometimes, probably as a result of extreme desiccation, 
the cells become more rounded in outline, and the walls relatively thicker, 
whilst the contents become very much denser (Fig. 4, J3), 

A certain peculiarity was noticed in B in many of the branching fronds. 
The cells near the base of a branch or proliferation frequently showed a strong 
tendency to develop filamentous outgrowths running backwards into the main 
filament, in a manner similar to that in which the holdfast is ordinarily formed 
in this genus (Fig. 5, 2). In the plant shown as Fig. 5, 2, all the larger branches 
showed this feature, but very often the more slender branches showed no 
trace of this peculiarity. Just as the character is not constant in the appendages 
of one individual, neither does it occur in all the specimens of one sample, and 
individuals showing the feature may occur alongside those which do not. On 
the other hand the majority of the individuals may show the character or vice 
versa. Thus it did not seem possible to correlate the peculiarity with any out- 
side factor. That it serves a useful purpose is quite likely. The plants of Entero- 
morpha seem to depend for their existence on the salt marsh very largely on 
their great capacity for regeneration. The elongation of the cells at the base of 
the newly proliferated fronds may serve to weaken the attachment of the 
daughter filament to the original frond, so that it may easily be separated by 
the force of the tides and vegetative multiplication more readily effected. 

Cladophoraceae. 

9. Rhizoclonium hieroglyphicum (Ag.) Kiitz. formae. 

Canvey. A, B, C, and D. Probably present all the year round. 

Ynyslas. A, B, C, D, E, and F. All the year round. Fig. 6, 4 - 8 , 

The forms of Rhizoclonium are very puzzling, but they are probably all 
forms of R, hieroglyphicum. The diameter of the filaments varied from 12 to 
40/x, and the cells were from one to three times longer than their width. Forms 
as slender as 12 p were rare, the plants usually falling into three groups as 
regards size, 16-18/x, 20-25/a and 28-32/x, but not adhering rigidly to these 
dimensions. 

At Canvey, all these three types occurred, but the largest was rather more 
common than the medium size and the smallest was seldom seen. Here, how- 
ever, Rhizoclonium was rarely present in abundance, and it was particularly 
scarce in summer (May-September), becoming more prominent in winter. Its 
usual position is in the Aster- Salicornia zone, where it forms a thin weft over 
bare soil, or a more or less thick incrustation on the lower parts of Aster stumps. 
It is often present as an epiphyte on Aster stems when it is not present on the 
soil, and Enteromorpha minima is a common associate with it in this habitat. 
It may also be present in the festoons of algae which persist for so long on the 
remains of old Salicornia plants in the spring. The cells were usually as long as, 
or up to twice as long as broad, and rhizoidal outgrowths were frequently pro- 
duced, especially in the case of filaments over 28/x in diameter (Fig. 6, 7, 8). 
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The separating wall at the junction of the rhizoid and the filament was often 
half pushed back into the supporting cell, or entirely pushed back (Fig. 6, 7). 
This is a character of R, hieroglyphicum subsp. riparium. The filaments fre- 
quently showed an attaching base (Fig. 6, 4) and the apex was very character- 
istic, the cell wall being peculiarly thickened, giving a conical appearance to the 
apex (Fig. 6, 5, 6). On the whole, the Canvey representatives of this alga are 
fairly uniform and belong to the same form of the species. The presence or 
absence of rhizoidal branches was variable, but when the alga was present in 
any quantity they were usually to be found in some individuals. At Canvey, 
Rhizoclonimn is not an important constituent of the alga flora, and is more 
often an epiphyte than a soil coloniser. The form in question here is probably 
subsp. riparium (Harv.) Stockm. (Hcering (29), p. 21). 

At Ynyslas, on the other hand, Rhizoclonium is the most important alga 
on the marsh. It is occasional at the margins, where, although it never 
establishes itself in a stratum on the shifting sand which is disturbed by the 
tide, it is sparse amongst the Enteroniorpha tangles anchored on Salicornia 
plants, or lying free on the marginal strand. It also forms locally extensive 
continuous sheets covering the vertical faces of escarpments, and if, owing to 
undercutting by the waves, a piece of the marginal sod should fall to a lower 
level, it rapidly becomes clothed with Rhizoclonium, Rhizoclonium is certainly 
the stable inhabitant of the greater part of the marsh, and tends to extend into 
all spots not already occupied. Thus areas in any zone where the growth of 
phanerogams is prevented by the sheep which make definite tracks along the 
marsh, or by any other agency, become covered in time by Rhizoclonium, 

In the turf zones Rhizoclonium is very general, and perhaps it is most 
abundant in the winter months. In the drier months of the summer Cyano- 
phyceae make more headway and Rhizockmium is less important. Neverthe- 
less it withstands long periods of desiccation very well, and in such cases its 
cells become filled with the glistening globules described by Fritsch (18, p. 143). 
The alga does not flourish as well in the Upper Festucetum zone as in the lower 
zones. In the Armerietum and Lower Festucetum, the grasses usually grow 
so close together that the alga has not sufficient space to become conspicuous, 
but wherever space is available, it forms sheets 2 cm. or more in diameter, and 
2-3 mm. in thickness. The stratum separates quite readily from the soil, so 
that the algal threads obviously do not penetrate very deeply into the sub- 
stratum. The \vad often separates easily into several horizontal layers which 
consist of pure Rhizoclonium, According to the time of the year, the different 
layers vary in degree of vitality. In the winter months the upper layers are 
active and have a normal appearance, whilst the lower ones are apparently 
resting, the cells having very dense contents with abundant oil drops. In 
summer the upper strata are often bleached and unhealthy, whilst the lower 
ones, protected from desiccation by the upper layers, are still green and 
vigorous. 
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In the Juncetum zone, since there is more space available on the soil 
between the J uncus plants, the alga often covers areas several centimetres in 
diameter. When thus growing actively with plenty of space available, as also 
on marginal escarpments, Rhizoclonium forms a sheet with a rippled surface, 
like crepe. Possibly this raising of the surface is due to the intercalary growth 
of the filaments, which, anchored at various points, must bulge upwards as 
they increase in length. 

The alga was very much more variable at Ynyslas than at Canvey, but it 
was very difficult to separate the forms as distinct types. Most abundant were 
filaments about 24~36/x in diameter, the more slender ones tending to have 
relatively shorter cells, up to twice as long as broad, and the coarser ones over 
30/x being usually two or three times longer than their diameter. Rhizoidal 
branches, in contrast to the Canvey alga, were exceedingly rare, in spite of the 
great quantity of the material examined. Except for this feature the alga was 
very similar in the two marshes. 

In August, 1928, large masses of Rhizoclonvmn, 3 or 4 ft. in diameter and 
several inches thick, were found lying in marginal creeks at Ynyslas, as if they 
had been washed in by the tide and stranded there (cf. Carter ( 9 ), p. 348). This 
mass, green and healthy, was almost pure Rhizoclonium^ there being practically 
no Enteromorpha mixed with it. The threads were soft to the touch, and straight, 
not being crisped and crinkled as is so often the case in Rhizoclonium. The cells 
were 38/x in diameter, and about three times longer than their breadth. The 
filaments were very uniform and the cell contents showed a reticulate chloro- 
plast with numerous pyrenoids. There was no trace of rhizoid formation in this 
mass. On no other occasion has Rhizocloniuyn been found lying in such quantity 
not attached to the substratum. It does not seem possible to separate this 
coarse form, which in the free mass never has rhizoid s, from the form 
growing amongst the turf, which, on rare occasions, has exceedingly short 
rhizoids, not separated from the filament by a cross wall. Both should probably 
be placed under R. hicroglyphicum subsp. typicum Stockm. (Heering ( 29 ), p. 20). 
This form is characterised by the absence or poor development of rhizoids, but 
is usually reported from fresh waters. 

In addition to these fairly stout forms of Rhizoclonium, two forms less than 
20/x in diameter were encountered at Ynyslas. One, which varied from 16 to 
20/1 in diameter, was not infrequent, being often present in quantity in the 
Glycerietum and Armerietum and occurring at times with the coarser forms 
in the higher parts of the marsh. This form had cells 2 --2J times longer than 
broad, and rhizoidal branches were quite frequent, being usually, however, 
continuous with the main filament, with no separating wall, or separated by a 
simple straight wall, not showing the characteristic triangular cell at the base 
as in the Canvey form. At first it seemed natural to consider this alga as dis- 
tinct from the coarser forms of Rhizoclonium at Ynyslas, from which it differs 
not only in its more crinkled and slender filaments, but also in its habit of 
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growth, the carpet formed by this alga being finer and more compact, and ad- 
hering more closely to the ground. Later, however, the two forms were found 
in organic connection with each other, in a filament which at the one end showed 
cells 28^ in diameter, 1-1^ times longer than broad, gradually decreasing in 
width to give at the other end cells only 18^ in diameter, and twice as long as 
broad. This showed that one would not be justified in separating the two forms. 
In its relatively simple rhizoids and proportionately longer cells this form, 
16-20/x in diameter, is probably also nearer to subsp. typicum than to subsp. 
riparium. 

Lastly, a very slender form of Rhizoclonium 10-12jLt in diameter was ob- 
served on several occasions, on an escarpment between the Lower Festucetum 
and Armerictum zones and also in the turf of the Armerietum zone near the 
shore. This slender form had cells one to four times longer than broad, and 
there were very few or no rhizoidal branches. The cell wall was quite stout and 
the plants agreed fairly well with subsp, Kerneri Stockm. (Ileering ( 29 ), p. 23), 
except that rhizoids are not recorded for this form. This alga is relatively rare 
both at Canvey and Ynyslas; on the former marsh it was only observed once, 
in the Aster-Glyceria zone. 

The Ynyslas forms of Rhizoclomu7n differ from those at Canvey in several 
important respects: scarcity of rhizoids, absence of a basal attaching holdfast, 
and absence of a conical apex. It is possible that all these characters may be 
correlated with each other. The Canvey plants are usually epiphytes, erect 
plants attached by a basal holdfast which is adapted to hold the filament 
vertically (Fig. 6, 4), and the apical cell differs from the intercalary cells 
morphologically. As the filament grows in length and is no longer able to hold 
itself rigid, it jxrobably collapses on to the substratum, and develops other 
rhizoids which help to prevent it from being torn away by the force of the 
tide. The Ynyslas alga is always prostrate and grows in thick blankets on the 
substratum so that the threads mutually protect each other. It is impossible to 
find a basal attaching holdfast such as occurs in the epiphytic Canvey plants, 
and if one succeeds in finding a typical unbroken apex, it is seen that the end 
cell is merely rounded and not conical. Moreover if the end of a filament is 
modified for attaching, it merely sends out a simple rhizoid similar to that 
developed by intercalary cells, and never shows the true basal holdfast of 
the Canvey plant. Thus it would seem that the Canvey Rhizoclonium 
is primarily attached and erect, whilst the Ynyslas forms are prostrate and 
mat forming, and the differences in morphology can be correlated with the 
differences in habit. 

Wille ( 51 ) has put forward the idea that the formation of rhizoids may 
sometimes be induced by chemical stimuli, as when filaments growing on damp 
ground send rhizoids down into it, or by mechanical stimuli, as when strong 
wave action causes the plant to anchor itself more firmly by rhizoids to the 
substratum. It does not appear that differences in moisture would account 
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for the greater development of rhizoids at Canvey, though possibly the more 
exposed position of the filaments, owing to a sparser habit of growth, may 
render the mechanical explanation more correct. Wille has further stated that 
in the subsp. riparium 2-A pyrenoids are present in each cell. This has been 
repeated by Heering ( 29 , p. 23). Obviously this number should not be taken 
as being correct for all forms of the alga, since a cell which measures 26 x 50ft 
will certainly contain many more. 



Fig. 6 . Cominunity 'No. V^. 1-3, Entcnyinorpha minima Niig. 7, 2, entire plants, x Ifi; 3, portion 
of thallus, X 545, some of the cells seen in profile. 4-8, Rhizoclonium hieroglyphicum C. A. Ag. 
subsp. rijxirium, Stockmeyer. 4, basal attachment of filament; 5, 6, apex of filament; 7, S, 
rhizoidal branches. 4, 5, 7, and 8, x218; 6', x 980. 


10. Gladophora pachyderma (Kjellm.) Brand var. tenuior (Borg.) Brand 
in Heering, 1921, p. 31 {Rhizoclonium pachydermum> Kjellm. var tenuior 

Borg.). 

Canvey. B, C, and D. i and v. 

This form is one of the rare algae of the salt marsh, only being seen on two 
occasions, and the probability is that it docs not play any important part there. 
Its general appearance is that of Rhizoclonium,, and examined with a hand 


1 See Part III. 
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lens it has the crinkled habit of species of that genus. The plants were about 
2 cm. long, unbranched for quite a distance from the base, then with a few 
short branches about two or three cells long, finally with a number of rather 
longer branches (rarely bearing short branches of the second order) some little 
distance from the apex of the filament. The insertion of the branches varied; 
sometimes they projected nearly at right angles from the main filament, and 
sometimes they showed almost normal “evektion.” There always seemed to be 
a long unbranched apex to the plants. 

The plants were occupying very different habitats on the two occasions on 
which they were found. On the first occasion they were growing in a trickle 
of tidal water flowing over a temporary dam of debris towards the sea, and the 
alga was afterwards found growing on the firm soil of the escarpment between 
the Obione and Upper Glyceria zones. 

Vaucheriaceae. 

Vaucheria spp. 

Canvey. A, B, and C. All the year round. 

Ynyslas. A, B, C, I), E, and F. 

Forms of Vaucheria were exceedingly abundant on both marshes. Un- 
fortunately fruit was relatively rare, especially on the Canvey marsh, so that 
it is impossible to give the vertical distribution of each species with any degree 
of certainty. 

At Canvey Island, the genus is rarely represented in either the Aster- 
Glyceria or the Upper Glyceria zones, probably because the frequent beating 
down of the tall grasses by tidal submergence renders illumination of the surface 
of the ground too feeble to support its growth. It is very important, however, 
at the upper margins of all channels, although not descending so far that it 
would come under the influence of every tide. It prefers the less disturbed 
regions which are not overshadowed by thick phanerogam growth, where it 
can readily be seen as a dark blue-green carpet, the siphons often standing 
erect like the pile of velvet. Growing as it does in the marginal zones, Vaucheria 
is probably of very great importance in helping to make the marginal soil 
firm, although it must frequently be washed away as the result of very strong 
erosion by the tides. A certain part of the Aster- SaMcornm zone at Canvey, 
during the early part of observations there, was obviously silting up. Vaucheria 
finds such spots very favourable, and by its habit of growth probably increases 
the rate of sedimentation considerably by trapping particles in its upright pile. 
After a time, however, erosion started in this particular spot, and after about 
9 months Vaucheria had entirely disappear(^d. Thus, although the alga is 
always associated with silting up, it is unable to withstand indefinitely the 
force of the waves. 

The capacity of Vaucheria for binding soft mud was observed by studying 
samples of the surface soil in which it was vegetating actively. Where it is 

10-2 
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growing vigorously, if one rubs the surface of the algal carpet in the field, a 
black coloration is obvious. This is due partly to inorganic black particles and 
partly to the blackened dead Vaucheria siphons which ramify in the underlying 
mud. The blackness is undoubtedly due to the presence of sulphides, as a 
strong odour of hydrogen sulphide is obvious, and moreover filamentous 
sulphur bacteria are commonly observed amongst the Cyanophyceae in the 
marginal regions^. The surface layer of soil was removed with as little dis- 
turbance as possible to a depth of about an inch from a pan which was ob- 
viously silting up, and bore a rich surface growth of Vaucheria. The strength of 
the Vaucheria carpet was tested by allowing a strong stream of water to fall 
on the under side of the sod from the tap. It was found that just beneath the 
surface, a black layer, 3 or 4 mm. thick, resisted the running water very 
effectively. This stiff layer owes its rigidity to the fact that the Vaucheria 
siphons are intricately interwoven in it, and the muddy matrix cannot be 
washed away. A vertical cut through the sod, carefully washed, showed that the 
black slimy Vaucheria siphons can be distinguished for at least 1 cm. beneath 
the surface, but apparently at this depth decay has advanced so far that the 
threads are unable to resist so great a pressure as the flow of water from a tap. 
The black layer near the surface which is so resistant is quite gelatinous in 
consistency. In other parts of the same pan, where colonisation had been in 
progress for a longer time, and Vaucherio had been in possession of the sub- 
stratum for a longer period, the black resistant layer was as much as 2 cm, in 

Ellis (15) has investigated the cause of Idackening of sand in the Clyde estuary, and came to 
the conclusion that the blackness was duo to ferrous sulphide, which arises by the combination of 
the two elements, iron and sulphur. It was suggested by Ellis that the iron might arise by the 
activities of micro -organisiws, which, operating on a compound of iron and organic matter, extract 
theorganic material for their own use, and deposit the iron which usually becomes hydrated, forming 
ferric hydrate. Unfortunately the presence of such iron bacteria was not demonstrated by Ellis. 
The iron, according to Ellis, combines with the hydrogen sulphide produced by certain bacilli. The 
original source of the sulphur is not explained by Ellis. It was observed at Canvcy that the mud 
itself becomes black, as well as the dead and decaying algal constituents. Sometimes the black 
appearance of the algae is due to the presence of black particles on the exterior of the walls, and 
sometimes the whole wall itself seems to be uniformly black all through. V micheria, Enteromjorpha 
and Phaeophyceae all show the same thing. Microchemieal tests showed that in all cases the 
blackness was accompanied by the presence of iron, the whole wall, if black, showing a deep blue 
coloration when tested with hydrochloric acid and potassium forrocyanido. The addition of hydro- 
chloric acid produces a strong smell of hydrogen sulphide, so that iron sulphide is indicated. Iron 
is very abundant in the mud, since it is sometimes deposited in a visible form on the walls of various 
algae, but it is difficult to explain exactly how this happens. As regards sulphur, it seems most 
likely to the writer that the dying algal protoplasm is the immediate source of this element. No 
doubt micro-organisms release the hydrogen sulphide, but the dying alga is probably the source. 
The reason why the blackness is not visible at the surface of the soil is that here the algae are 
actively growing and there is no great amount of organic sulphur available; but under the surface, 
where light does not penetrate, the algae become unhealthy and die, and this releases a lot of 
organic material with sulphur on which bacteria can operate. Hydrogen sulphide is undoubtedly 
generated in great quantities on a salt marsh. At Ynyslas large masses of drift algae are often 
deposited on the marsh and if those arc disturbed a strong smell of hydrogen sulphide is evident. 
Drift algae in the pans soon die and become black in colour. 
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thickness, the upper 1 cm. containing abundant recognisable VaucJieria 
siphons. Some of these threads still had green contents, although they were 
already dead; the walls were sometimes colourless, but as a rule they were 
quite black. The lower centimetre of this black stratum had little recognis- 
able alga and must depend for its tenacious nature on the colloidal material 
resulting from the decay of the filaments. The thickness of the black layer just 
beneath the surface was liable to local variation, but it evidently had some 
relation to the time that Vaucheria had been in occupation. Beneath the black 
layer the mud was pale brown in colour and sometimes formed brown pockets 
within the black mass itself. 

These observations indicate that where Vaucheria is growing vigorously, 
it facilitates silting up, because, as the silt is deposited on top of it, the alga, 
which is very strongly heliotropic, is continually growing upwards. The amount 
of silt deposited at each submergence is not great, but nevertheless a visible 
brown film is deposited at each tide on the Vaucheria carpets. As the Vaucheria 
mat is growing upwards the older lower parts, which are being gradually but 
completely buried in the silt, die off, but the cell walls do not readily decom- 
pose, although the cell contents disappear. It is this great resistance of the 
walls to decay which makes the part of the sod just beneath the surface so 
tenacious, and renders Vaucheria an excellent alga for strengthening the margins 
of the channels. 

At Ynyslas Vaucheria is a very important alga in all zones except the Upper 
Festucetum, which seems too dry for the alga to flourish, except in the damp 
winter months of the year. In general, Vaucheria is much more conspicuous 
in winter at Ynyslas, especially in the turf zones. In the Juncetum zones, 
however, Vaucheria persists in some abundance even in summer, evidently 
owing to the added protection of the tall Juncus haulms, which tend to main- 
tain the humidity of the surface soil. V auchcrUi sometimes occurs in sheltered 
marginal creeks, but, as a rule, there is too much disturbance here for the alga 
to exist. The marginal Glycerietiim likewise seems to be too disturbed for the 
alga to flourish, and it is rarely found there in great quantity ; but the inner zone 
of Glycerietum near the Juncetum provides a very suitable habitat. Owing to 
its lower level this zone is often very wet, and it is less disturbed than the 
marginal zones. The preference of Vaucheria for a moist habitat is proved by 
its vigorous growtli near pans, especially those which remain full between 
successive submergences at high tide. Where it is thus flourishing, it can be 
recognised by its tightly packed erect filaments, conspicuous by their dark 
blue-green colour, emerging between the grasses. Vaucheria is also a general 
constituent of the Armerietum and Lower Festucetum zones. In dry 
weather Vaucheria tends to proliferate in a peculiar way, sending out short out- 
growths at frequent intervals, which at first might be mistaken for developing 
sex organs (Fig. 7, <?). Another peculiarity which may also be associated 
with drought conditions is the production of swellings at the ends of the 
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branches, and the separation of swollen vesicles at various points. In all these 
abnormalities there is no visible modification of the contents and no appre- 
ciable thickening of the cell wall. 

At Canvey, also, Vamheria tends to become less conspicuous in the summer 
months in the more exposed Aster-Salicornia zone, although it often persists 
in the marginal regions, probably because of the greater humidity of the soil, 
and also in the Obione zone because of the protection of the Obione plants, 
which keep the surface of the soil moist in the same way as Jtmcus at Ynyslas. 

Probably at Ynyslas, Vaucheria does not play such an important part in 
stabilising the margin of the marsh as at Canvey. For the most part the Dovey 
soil has so little cohesion that the tidal waters cause erosion and undercutting 



Fig. 7. i, Vaucheria Woriniana (Got/,) Hecring, x97; 2, Vaucheria sp., abnormality 

caused by drought, x 78. 


of the turf, and these conditions Vaucheria is unable to tolerate. The vertical 
surface of escarpments resulting from such erosion has never been observed 
to become colonised by Vaucheria. The alga seems to prefer the softer mud 
of creeks and channels where in quiet places layers of silt are continually being 
deposited. 

The following species of the genus have been observed in fruit : 

11. V. synandra Woronin in Heering, 1921, p. 95, f. 86. 

Ynyslas. F. ix. 

The characters of the alga were quite typical. The vegetative filaments were 
about 60p in diameter, the oogonia sessile with a conspicuous beak, and the 
oospores ovoid, about 100 x 130/x, a little flattened on the side of the beak. 
The oospore wall was pale yellow wdth rather broad, shallow depressions on 
the inner membrane. About four antheridia arose together from a single 
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supporting cell, separated from the thallus by a small empty cell Very often, 
although not invariably, the antheridia and oogonia were on different fila- 
ments. This species must be one of the commonest on the Ynyslas marsh, 
since its oospores can frequently be found loose almost anywhere on the soil 
amongst other algae, and in September, 1926, practically all the samples 
of algae taken from any zone showed these oospores. Nordstedt ( 36 ) has 
observed that this alga occurs at fairly high levels on the shore. This is in 
accordance with the present observations, since it is always well above all 
ordinary high tides. 

12. V. intermedia Nordst. 1879, p. 179. 

Canvey. C. viii. 

Ynyslas. Not observed fruiting, though slender vegetative filaments have been found whi(Ji 
probably belong to this species. Observed fruiting at Glandyfi, about 4 miles further 
up the estuary, in the Jjower Festucctum zon(\ ix. 

The vegetative filaments were about 25 40ja in diameter. The oogonia 
terminate a short lateral branch, and the fertilisation pore is terminal. It is 
already known that gynandry is frequent in this species. Such monstrous 
forms were often seen amongst the fruiting specimens from these marshes, 
antheridia sometimes developing laterally from the oogonium itself. In rare 
cases one or two antheridia arose from the short stalk of the oogonium. There 
is always a small empty cell beneath the antheridium proper, and the latter 
opens by several pores. The oospores were about 90 x lOO/x, but completely 
ripe examples were not observed. This species is probably frequent in both 
marshes. 

13. V. sphaerospora Nordst, 1878; Cooke, 1886, p. 219. 

Ynyslas. Margin, ur. 

The characters of this species are fairly constant. The sex organs are ter- 
minal on a long branch, and there is a septum in the branch some little distance 
from them. The antheridium terminates the branch, and is separated by an 
empty cell from the rest of the filament. The oogonium itself communicates by 
its very broad base directly with the segment isolated between the antheridium 
and the septum further back. A feature of the species is a conical empty space 
at the base of the oogonium (cf. Heering ( 29 ), p. 96, f. 89), since the oospore 
does not extend into the lower part. The oospores were about 120^x in diameter 
and their wall was very thin and colourless, although this may have been due 
to the fact that they were not properly ripe when observed. The species is 
known to be British, since it was recorded by Cooke ( 13 ) at low water on the 
Thames mud at Kew. 

14. V. Woriniana (Gotz) Heering, 1906, p. 165 (F. geminata Gotz (in part), 
1897, p. 126, f. 45). 

Canvey. B. vin. I'ig- 

This alga is placed here with some hesitation, since as far as could be 
ascertained F. Woriniana has not hitherto been known from salt or brackish 
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localities, and moreover the oogonia usually appear to arise two or more 
together, whilst in the Canvey specimens there was usually a single oogonium 
in connection with each antheridium. In other characters, however, the alga 
seemed to agree. 

The filaments were 60-1 OO/x in diameter, and the sex organs were borne on 
a fairly long lateral branch. The oogonium was rather pear-shaped, with a 
terminal fertilisation pore, and arose about half-way along the branch. The 
rest of the branch was sharply hooked in the direction of the oogonium and 
at its tip a very short antheridium was cut off by a septum. Where details 
could be made out there seemed to be two openings to the antheridium. Fruit- 
ing examples were rare, and no fully ripe oospores were seen, although one 
specimen showed an oospore completely surrounded by a smooth membrane, 
measuring 150/x in diameter. F. deharyana Woronin (52) resembles the present 
form in its single oogonium and in the form of its antheridium, but differs in 
its smaller dimensions, and in its tendency to be encrusted with lime. 

15. V. Thuretii Woronin in Heering, 1921, p. 83, f. 69. 

Canvey. C. vin. 

Diam. fil. about 100 /x; oosp. about 160 xl80/x. 

The specimens were quite typical. 

Chlorococcaceae. 

16. Ghlorochytrium Facciolaae (Borzi) Bristol. 

Canvey. D. vi. 

Ynyslas. E. Amongst Cyanophyceae and Ehizodoniurn, Probably all the year round. 

The cells were free amongst other algae, and never occurred in great 
quantity. They were usually about 45/x in diameter, with a firm cell wall and 
sometimes with a projecting peg. The alga has previously been recorded from 
marine habitats; nevertheless, the Upper Festucetum is probably less saline 
than the other zones of the marsh. 

17. C. Moorii N. L. Gardner, 1917 {Chlorocystis Cohnii (Wright) Reinhardt 
in Collins, 1909, p. 148, f. 35). 

Ynyslas. C. Epiphytic on Enleromorpha percursa, m, ix. 

All stages in the development of this alga were observed, including the 
empty zoogonidangium with its open apex, the lid disappearing. The alga was 
entirely epiphytic, showing no tendency to penetrate its host. 

CYANOPHYCEAE. 

Thirty-seven species of Cyanophyceae are represented on the two marshes, 
about twenty-six occurring on each. The forms which occur at Canvey but not 
at Ynyslas include r OscillcttoTiu IdctcviTCTis , 0. fiiyTo~viTidis, 0. hvcvisy 0, foTT^iosd^ 
SpiruUna major, Pseudanabaena brevis, Plectonema Battersii, Merismopedia 
revoluta, M. mediterranea and M. convoluta. Forms recorded from Ynyslas 
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but not from Canvey include Rivularia spp., Nostoc comw/tine, Lynghya con- 
fen)oides, Tolypothrix tenuis, Hydrocoleum lynghyaceum., Phormidiurn molle 
and Gloeothece palea. A survey of these facts leads one to the conclusion that 
the first group includes forms which are especially characteristic as blue-green 
sheets forming a covering on the sticky mud below the phanerogam limit, a 
type of habitat which does not exist at Ynyslas, owing to the shifting nature 
of the substratum; their absence is thereby explained. The second group of 
forms which do not occur at Canvey is seen to contain species which a^re 
characteristic of the Juncetum and Upper Pestucetum zones and also marginal 
escarpments. The equivalents of the first two zones do not occur at Canvey, at 
any rate in the area examined, and escarpments are also very poorly repre- 
sented, so that here again the facts are quite consistent. 

The Cyanophyceae, on the whole, reach their highest development in late 
summer, July-October, and at this time of the year many species become very 
prominent which are exceedingly rare at other times of the year. Amongst 
these are Anabaena tomlosa, Nodularia Harveyana, Oscillatoria Bonyiemaisonii, 

0. brevis, 0. laetevirens, 0. nigro-viridis, Phorniidiu7n angustissimum and 
P. foveolarum. Besides this, many other species which are present in some 
quantity all the year round become more abundant then. On the other hand, 
there arc a few forms, like Nostoc commune and Rivularia spp., which become 
most abundant in the wet winter months, November-March, and are less 
conspicuous in the drier months of the summer. 

Chroococcaceae. 

1. Gloeothece palea (Kiitz.) Rabenh. 

Ynyslas. C, D, E, and F. IVobahly all the year round. Fi^. 12, 7. 

This has not. hitherto been regarded as a marin(‘ or brackish species, and 
indeed it is restricted to the highest zones of the marsh. The Juncetum seems 
to be its natural habitat, and here it grows in gelatinous masses on the bare soil, 
or adhering to Rhizoclonium or to larger Cyanophyceae. In late summer it 
may be found as low down as the Armerietum. 

2. Chroococcus turgidus (Kiitz.) Nag. in Geitler, 1925, p. 77, f. 71. 

Canvey. D. 

Ynyslas. B, near Juncetum. C. Occurrence sporadic. 

Isolated specimens of this species were met with, but never large numbers. 
Its occurrence in the wetter Glycerietum near the J uncus zone at Ynyslas 
suggests that it prefers a moist habitat with little disturbance from tidal 
influence. It often occurred amongst Vaucheria. 

3. Merismopedia revoluta Ask. 1894, p. 1, t. 1, f. 1. 

Canvey. A, and D. In plankton of pans. Probably all the year round. Fig. 13, 1 - 3 . 

Specimens of this alga were not uncommon as dark specks, if samples of 
marginal mud or Salicornietum were allowed to stand for a little time exposed 
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to the light. The colonies were up to J mm. in diameter and were therefore 
easily visible with a hand lens. A very moist habitat is evidently necessary for 
this alga, for its position on the marsh is such that it is always kept moist by 
the tides, and moreover it is one of the few constituents of the plankton of 
pans. It never occurred in abundance. 

The colonies were frequently rolled, or when very large, merely irregularly 
folded. The cells were about 4/x in diameter, nearly twice as long before divi- 
sion, and about 7/x in thickness (the diameter at right angles to the surface of 
the colony). The cells were rather compactly arranged, and narrow colourless 
gelatinous lines separated the small regular groups of cells, the sections of the 
thallus not being widely separated, although quite distinct. The cell contents 
were very faintly granular, and pale blue-green in colour. Askenasy says of his 
species that the colonies readily fall into fragments with slight pressure. This 
was not experienced with the Canvcy material. 

4. M. mediterranea Nag. 1849, p. 56 {M, glaucaioims, Geitler, 1930, p. 264). 

Canvey. Plankton of pan. vi. Fig. 13, 4, 5. 

This species had cells slightly smaller than the preceding, and its cell con- 
tents, although of the same colour, were quite homogeneous. The colonies were 
very much smaller, not coiled, and the limitations of each group of 16 cells 
much more definite, there being wider hyaline separating lines. The alga re- 
sembles M. glauca in all except size, the colonies always being larger than the 
dimensions usually given for that species. It seems to fall into Nageli’s species, 
which he described as marine from Naples, and which has not been recorded 
since so far as I know^. The alga was fairly frequent on the occasion recorded. 
Petersen ( 40 ) states that M, glauca is capable of withstanding considerable 
salinity, but gives no information concerning the size of the colonies. 

5. M. convoluta Breb. in Geitler, 1930, p. 262. 

Canvey. A (Area No. 2 only). Rare. vni. Fig. 8. 

Cells 4*5-5 /X in diameter, spherical before division, elongated in the direction 
at right angles to the surface of the thallus to as much as 15/x. 

This species seems to be distinct from all other species of Merismopedia. 
In its large rolled colonies it resembles M. revoluta Ask., but its exceedingly 
long cells (in the direction at right angles to the surface of the colony) prevent 
its being confused with any other. Early descriptions of the alga were not 
clear on this point, but Geitler has ascertained from authentic material that 
this is a distinctive feature of the species. 

6. M. (Holopedia) sabulicola (Lagerh.) Kirchn. in Geitler, 1930, p. 267. 

Canvey. A. Also in pans, i, ii. Fig. 13, 6-9, 

Although existing figures nf this species are very poor, it seems probable 
that the Canvey specimens are identical with Lagerbeim's alga. The chief 

’ Gardner ((21), p. 239) has recorded J/. Qardneri from the shores of California, and this, 
according to Gieitler ((24), p. 206), is identical with Nageli’s alga. 
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difference seems to be in the habitat, since the salt-marsh alga was always free in 
the mud and not attached to sand grains lik(^ Lagerheim’s original specimens. The 
colonies varied considerably in size and sometimes reached a diameter of bOO/x. 

The alga was never found in abundance, but seems to be a casual constituent 
of the soft mud bordering channels, or to live amongst filamentous diatoms or 
other epiphytes which festoon the submerged roots of grasses in the standing 
water of pans. Like all the other repr(\sentatives of the genus Merismopedia, 
a moist habitat seems to l)e essential. 



Fia. 8 . M prismopexlia convoluUi Breb. 2, colony, x 10b; 2, x OKi; 
part of tho thallus is seen in profile. 


OSCILLATORIACEAE. 

7. Oscillatoria Bonnemaisonii Crouan. 

Canvey. A, B, C, D, and E. vii-xi. 

Ynyslas. B, C, D, and F. v-xi. Fig. 9, 7 4 . 

This seems to be a late summer and autumn form. It rarely occurs as a 
pure growth, being frequently mixed with 0. nigro-inridis or 0. sancta, or rarely 
as occasional isolated filaments scattered on bare soil. It has a wide vertical 
range, occurring from the margins up to the highest zones, although it un- 
doubtedly reaches its best development in the Aster- Salicornia zone at Canvey. 
At Ynyslas it is not nearly so important. Here on one occasion it was found 
lining the bottom of a full pan. Thus its requirements as regards water are 
distinctly elastic. 

The diameter of the filaments varied considerably (20-40yn) and on one 
occasion hormogones were frequent (Fig. 9, 4). The species seems to have 

the capacity for secreting a sheath, which is especially prominent when 
hormogones are being formed. 
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8. O. brevis Kiitz, in Gom. 1892, p. 229, t. 7, f. 14, 15. 

Canvey. C, and E. vi-ix. Fig, 9, 5, 6 , 

This form is placed here with some hesitation, since Geitler (( 23 ), p. 371, 
f. 457), says the stratum formed by it is blue-green. At Canvey, the alga formed 
a dark, almost black stratum, and the colour of the filaments themselves was 
dull leaden grey. It is frequent in late summer beneath the Ohione plants, 
either alone or with Microcoleus chthonoplastes or Oscillatoria nigro-viridis. It 
may be an important form on the escarpment from the Ohione to the Upper 
Glyceria zone, or even in the Upper Glyceria zone itself. The cells were ex- 
ceedingly short and the septa prominent. 



Fig. 9, Community No. VMP. 1-4, Offcilkitmia Bonneimvifionii Crouan. Filament in 2 shows 
the secretion of a (iolicate sluuith; 3, 4, production of hormogones; 5, 6', O. brevis Kiitz.; 
7, Phormidium aiitumnale^ (Ag.) Gom.; S, Oscillatoria nigro^viridis Thw. 3 and 4, x 475 
6, X 918; all others, x 552. 

9. O. corallinae Gom. 

Canvey. A, B, and I). All the year round. 

Ynyslas. A, B, C, D, and F. All the year round. Fig. 10, 13 - 15 . 

This is one of the most constant algae found on the marsh. It can usually 
be found at any time of the year, especially in the lowest zones, but it occurs 
in greatest quantity in the late summer and autumn, July^November. It 
forms a large proportion of the stratum of Cyanophyceae which develops at 
this time of the year in the marginal regions of the marsh. In these films it is 
usually second in importance to O. sancta, and it may at times become domi- 
nant. The firmer and drier mud of the Ohione and Upper Glyceria zones at 
Canvey do not seem to be such favourable habitats as the lower and moister 

“Not invariably present. 


^ See Part III. 
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zones. At Ynyslas it never has the opportunity of becoming such a con- 
spicuous constituent of the marsh flora as at Canvey, but it is very general in 
the sheets of Rhizoclomum, and Enteromorpha percursa and often occurs in 
great abundance amongst Vaucheria^ both at Canvey and Ynyslas. It is rare 
at Ynyslas above the Lower Festucetum zone. 

0, corallinae is certainly one of the algae most tolerant to frequent dis- 
turbance by tides, since it flourishes in the marginal zones at Canvey and 
Ynyslas. It is also a pioneer alga in silting localities (cf. also Carter (9), p. 366). 

10. O. formosa Bory. 

Canvey. A, and B. ii-x. 10, 10. 

This appears to be a form which prefers the marginal mud, for it occurred 
in greatest abundance in the channels, where conditions are unsuited to the 
growth of phanerogams. It usually lives in association with other species of 
Oscillatoria, PJiorynidium. and Spirulina, being sometimes present in quantity, 
although it is rarely the dominant form of the mixture. It is probably present 
during the greater part of the year, but is more prominent in September and 
October. It is one of the first colonisers on mud which is becoming stable, and 
is a common constituent in the flora of silting hummoclvs which occur in the 
larger channels. There have been a few previous brackish records for it. 

11. O. laetevirens Crouan. 

Canvey. A, B, C, and E. vii xr. Fig. 10, 16, 

This is a somewhat rare form which never occurs in great quantify, but 
usually as isolated filaments amongst other Cyanophyceae. It is most likely to 
be encountered in the marginal zone or in the zone, especially 

in late summer. It is less common in the higher parts of the marsh. 

12. O. nigro-viridis Thw. 

Canvey. A, B, C, and E. vir-i. Fig. 9, 8. 

Both Gomont ( 25 ) and Tilden ( 48 , p. 69) give a maximum diameter for 
this species of 11 /a, but the Canvey specimens were usually 13/x in diameter. 
The usual habitat for the species is in the higher parts of the marsh. It is most 
abundant in late summer, when, especially in the Obiorie zone, it frequently 
dominates, producing extensive brown films in which it may be pure except 
for diatoms, or it may be associated with 0, brevis. At other times it occurs 
with O. Bonnemaisonii or Microcoleus chthonoplastes, and when it occurs in 
the Upper Glyceria zone it is frequently mixed with PJiorrrtidmm aulumnale. 
The cell contents are dull leaden grey in colour. It may persist in a fragmentary 
condition through the winter, but it is not found in spring. 

13. O. sancta Ktitz. 

Canvey. A, B, C, and D. All the year round. 

Ynyslas. A, B, C, and D. All the year round. Fig. 10, 11, 12. 

Although this species is most abundant in the lower zones, it does not 
tolerate such moist habitats as 0. corallinae ^ since, unlike that species, it does 
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not inhabit the almost liquid mud of the Area No. 2, though it is very abundant 
on any stretch of firm mud fringing the upper edges of the channels. It may 
be found at any rate to some extent in such habitats practically the whole 
year round, but in the late summer and autumn it is much more abundant 
and is the most important alga in the marginal stratum of Cyanophyceae (see 
also Part III). 

14. Spirulina labyrinthiformis Menegh. in Geitler, 1925, p. 346. 

Canvey. A. ix. 

Ynyslas. C. Rare. vi. Fig. 10, 4 

This tiny species was not common, but it is possible that it was frequently 
overlooked. Its trichomes are wound into a tight spiral, l*5/x in diameter, 
with the turns contiguous. The diameter of the trichome was 0*5/x. It occurred 
with Euglena or with other Cyanophyceae on the marginal mud at Canvey, 
and amongst Vaucheria at Ynyslas. 

15. S. major Kiitz. 

Canvey. A, and B. n-viii. Fig. 10, 2* 

Trich. 1*3^ diam.; spirals 2-5 diam., turns 4*5 /i apart. 

This species, which is well known from both fresh water and brackish 
localities, was one of the commonest representatives of the genus on the marsh. 
It usually occurred with Phormidium and Oscillatoria spp. 

16. S- subsalsa Oersted. 

Canvey. A. Probably all the year round. 

Ynyslas. B, C, D, and F. Fig. 10, 7. 

Trich. diam.; spirals contiguous, 4g diam. 

At Ynyslas this species usually o(?curred amongst Vaucheria between the 

phanerogams; at Canvey, on the marginal mud, where it was sometimes pure. 

17. S. subtilissima Kiitz. 

Canvey. A, and B. vii-ix. 

Ynyslas. A, B, and C. ix. Fig, 10, 3, 

Trich. O'S fi diam.; spirals 2/x in diam., turns 2-5 ft apart. 

This species was observed more frequently than any other. It was most 
abundant in the late autumn, especially amongst other blue-greens on the 
marginal mud at Canvey. At Ynyslas it was not so abundant, and was usually 
sparse amongst filaments of Vaucheria or Rhizoclonium, 

18. Pseudanabaena brevis sp.nov. 

Canvey. A. With diatoms in water from a pan. Probably all the year round. 

Fig. 13, 10, 11. 

Filamenta recta v. leviter fiexuosa, stratum tenue cinereo-caerulescens 
efformantia, pigre prolabentia; cellulae prope sphaericae, post rapidam cellu- 
larum divisionem patdo minus longae quam latae, endochromate pallide 
coeruleo-viridi homogeneo, at centro dilutiore. Filamenta apicibus baud 
attenuata, cellulis apicalibus rotundatis et quam aliae aliquantulum ampliori- 
bus, vagina gelatinosa vix conspicua. Diam. fil. 3-4/x. 
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Habitat in stagnis et in limo molli, in aestuariis apud Canvey Island, Essex. 
P. brevis, in its lack of heterocysts and slightly enlarged terminal cells, 
seems to be an independent form, remote from any known species of Anabaena 



Eio. 10. Community No. IIP. 1, Sjrirnlina subsalsa Oorstcd. ; 2, S. major Kiitz. ; S. sulMlissiina 
Kiitz.; 4, 8. lubyrinthiformis Moiiegli.; 5, Phormldiuni anguslissimurn W. and G. S. West; 
6, 7, P. foveolarum (Mont.) Com.; 8, 9, P. ienua (Monegli.) Gom.; 10, Oscillatoria formosa 
Bory; 11, 12, O. sancta Kiitz.; 13-15, O. corallinae Gom.; 16, O, laetevirens Croiian. P9, 
X 1070; 10-16, X 013. 

or Oscillatoria. It differs from 0. lacustris (Klebs) Geitlcr in its different habit, 
its smaller dimensions and its absence of pseudovacuoles or gas vacuoles. Its 
much shorter cells distinguish it from all other species of Pseudanabaena. It 

^ See Part III. 




160 


Alga Flora of Two Salt Marshes 

seems to be a natural inhabitant o£ the soft tidal mud, often occurring where 
there are no other Cyanophyceae visible, or where only Microcoleus spp, are 
present. Sometimes it produces a faint grey coloration on the surface of the 
brown mud, but quite often it is not visible at all in the field, only becoming 
apparent if a sample of the soft mud is allowed to stand exposed to light, when the 
greyish film rises to the surface. The filaments are quite free from each other; 
there is no apparent mucilage stratum, and only very rarely is a sheath secreted. 
There has been some suspicion tha,t other species of the genus may possibly be 
developmental stages of other algae. P. brevis, however, seems to be constantly 
present on the marsh and to retain its definite characters. Whilst other species of 
the genus are found in such habitats that a saprophytic mode of existence is sus- 
pected, P. brevis occupies the same habitat as many other Cyanophyceae and 
diatoms and there is nothing to indicate that its method of nutrition is unusual. 

19. Phormidium angustissimum W. and G. S. West. 

Canvey. A, B, C, and D. vii--x. 

Ynyslas. A, B, C, D, and E. vii~ix. Fig. 10, 5. 

Diam. fil. 0*6-1 /x; long. cell. 2-3*5 /u. 

This narrow alga is referred to this species with some hesitation, since the 
previous records for it have all been fresh water. It was present in some abun- 
dance, forming a conspicuous sheet with other Cyanophyceae (mainly Oscilla- 
toria sancta), especially in the late summer months in the marginal zone at 
Canvey. The filaments were long, and the cells three or four times longer than 
broad, the septa not being easily seen. The apical cell was very slightly attenu- 
ated, and rounded at the tip. The cell contents were pale blue, and practically 
homogeneous. The sheath was very delicate, not seen except where the trichome 
was broken, and not reacting with chlor-zinc-iodine. 

20. P- foveolarum (Mont.) Gom. 

Canvey. A, B, and C. vii-x. 

Ynyslas. A, and E. vii, viii. Fig. 10, 6‘, 7. 

Diam. cell. 1 *5-2/1; long. cell. ca. 2/x. 

So far as I know, this species has not been previously recorded for a marine 
habitat. The filaments were not abundant and usually occurred in short 
lengths, in a blue-green sheet composed largely of P. angustissimum and Oscilla- 
toria sancta. The sheath was not often visible except where the trichome was 
broken or when it became mucilaginous so that debris adhered to it. It does 
not become blue with chlor-zinc-iodine. A constant feature is the distinct 
separation of the cells. The apical cell is rounded and not at all attenuated. The 
cell contents are pale blue in colour. 

21. P. tenue (Menegh.) Gom. 

Canvey, A, B, C, and D. vii-x. 

Ynyslas. E, and F. vi-vii. Fig. 10, 8, 9. 

Diam. cell. 1 •5-2*2 /x; long. cell. 2-3*5 /x. 

This form has been recorded by Cotton (14), from brackish localities in 
Clare Island. It was often abimdant at Canvey, especially in the marginal 



Nellie Carter 


161 

film of Cyanophyceae which appears on bare mud in late summer. The sheath 
was not conspicuous and did not stain with chlor-zinc-iodine. 

22. P. autumnale (Ag.) Gom. 

Canvey. C, D, and E. Probably all the year round. 

Ynyslas. C, .T), and F. Probably all the year round. Fig. 9, 7. 

This is a very characteristic alga of the higher zones, where it often forms 
a bright blue-gi-een stratum. It is usually considered a fresh-water form, so 
that its restriction to the higher zones is understandable. The filaments varied 
from 3-5 to 5/x in diameter, and the apex of the trichome was very variable. 
As a rule it was slightly tapering and bent, and showed no very definite calyp- 
tra. At Canvey it occurred typically as a sheet overlying the prostrate grasses 
or the silt which covered them in the Aster-Glycr.ria or Upper Glyceria zones. 
In this habitat it was usually pure, but it might also occur sparsely with Rhizo- 
climmni or Vaucheria . It also frequently formed pure sheets in the Obiofie 
zone, or covered the escarpment between this zone and the Upper Glyceria 
zone. At Ynyslas it was found forming a thin blue-green stratum on any bare 
spot between the phanerogams or on the escarpments. 

23. P. molle. (Kutz.) Gom. 1892, p. 163, t. 4, f. 12. 

Ynyslas. B, C, 1), and P. fjscarpments. Probably all the year round. Fig. 12, 5, 4. 

This form is less common than the preceding, and was never observed on 
the Canvey marsh. It differed from Gomont’s figure in the very slightly taper- 
ing apex. The filaments were sometimes aggregated in parallel gi’oups or 
sometimes loosely entangled among other algae. The cells are about 3-4/x wide 
and about 1 J times as long; they are almost imperceptibly constricted at the 
septa, and have pale blue homogeneous contents. The sheath is very delicate, 
and is often difficult to distinguish. The alga is especially common amongst 
colonies of Riimlaria, either on escarpments or in the turf zones. 

24. Lyngbya confervoides Ag. 

("anvey. B, and I), vm. 

Ynyslas. D, and F. ix. Fig. 11, 1, 

This species is a late summer and autumn form, whose appearance, at any 
rate on the Canvey marsh, seems to be rather sporadic. It occurs on this marsh 
in the middle zones, forming at times a distinct blue-green stratum of some 
extent in which occasional threads of Oscillatoria formosa, Phormidium an- 
gustissiwum or Microcoleus chthonojjlastes may occur. Owing to the great 
similarity of the trichomes of this alga to those of Oscillatoria sancta, there was 
great difficulty in distinguishing the two forms, especially as O, sancta seems 
capable at times of forming a very delicate colourless diffluent sheath. The 
sheath of Lyngbya confervoides, although colourless, is always firmer and 
stouter, and the apex of its trichome is blunter than the slightly attenuated 
apex of Oscillatoria sancta. Further the two forms are different ecologically. 
Oscillatoria sancta is the most important species in a stratum which appears in 
Joum. of Ecology XXI 
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summer and autumn in the upper parts of channels on the bare mud, or as high as 
the Aster-Salicornia zone, but in this stratum there are usually many other Cyano- 
phyceae, including Oscillatoria, Phormidium and Spirulina spp. Lyngbya confer- 
voides never seems to descend to the Salicornia or bare mud zones, and it often 
occurs pure or, if accompanied by other algae, these are small in quantity. 



Fig. 11. 1, 2 1 Li/ughija (‘onfervoide^ Ag. ; 3-5, L. afMuarii (Mert.) 
Liebmann. All x 613. 


25. L. lutea ( Ag.) Gom. 

Oanvey. C. vn. 

YnyBlas. C, D, E, and F. All the year round. Fig. 12, 5, 6‘. 

Diani. fil. 4~7-5/i; diam. trieh. 3 -6-5 /a; cells as long as, or rather longer than broad. 

This species, which is very much more common on the Welsh marsh than 
at Canvey, shows considerable variation in size. There were two forms, which 
only differed in size and often occurred together. The smaller form had fila- 
ments 4/x in diameter, and the septa between the cells were rather difficult 
to see, whilst the larger form reached a diameter of 7-5/x, and had rather more 
conspicuous septa. Although occurring frequently with either L, aestuarii or 
Phormidium autumnale in a blue-green stratum covering bare soil between the 
phanerogams, perhaps its more characteristic habit took the form of a weft 
on the surface of the soil, frequently overgrown by threads of Vaucheria or 
Rhizodoniuni. The blue-green mat is about 1 mm. thick, and the tortuous 
wavy nature of the filaments helps to make it more intricately interwoven. It 
is also common on the marginal escarpments or along the margins of pans. Its 
position on the marsh indicates a preference for the higher and less disturbed 
portions of the marsh. 
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26. L. aestuarii (Mert.) Liebmann. 

Ynyslas. B. C, I), and F. All the year round. Fig. 11, 3-5. 

Diam. fil. 10-24/x; diam. trich. 6-10 /x; cells 3-4 /x long. 

This species does not occur as a (^onsjucuous constituent of the Canvey 
marsh, in the particular parts investigated, and there is only one doubtful 
record for it from the submerged grass roots in a full pan. Possibly this may 
have been L, confervoides, which is a more frequent inhabitant of this marsh^. 
At Ynyslas the species was often represented by quite typical filaments show- 
ing the usual thick gelatinous sheath with the inner layers much darker and 
of a rich brown colour. The septa of the trichomes were usually conspicuously 
granulate. The species is a very common one on the Welsh marsh, and its distri- 
bution there approximates to that of L. lulca. It is rare at the margins of the 
marsh, but is much more abundant at higher levels, often forming, especially 
in the late summer and autumn, a pure stratum on any small bare area 
between the flowering plants in the Lower Festucetum or Juncetum; or it 
may be associated with Microcole u,s cMlionoplastes or other Cyanophyceae, 
VaucJieria or Rhizocloniuni. The Upper Festucetum does not seem to be a 
suitable habitat either for this or the preceding species, being probably too dry. 

27. Hydrocoleum lyngbyaceum Kiitz. in Gom. 1892, p. 337, t. 12, f. 8-10. 

VnysJas. 1), PJ, and F. v~tx. Fig. 12, 8-10. 

Diam. fil. 18 30/x; diam. trich. 10 14/u ; cells 1-2/x Jong. 

This species is very characteristic of the Uppei Festucetum zone, where it 
is frequent in late summer and autumn forming a stratum scrambling over 
mosses, sometimes pure, sometimes with other Gyanophyceae or Chlorophy- 
ceae. The trichomes are often seen without their sheath, when they might easily 
be mistaken for an ()sc/illafori(i sp. When typical the trichomes are provided 
with a broad, colourless gelatinous sheath, the inner part of which is quite firm 
and lamellose, whilst the outer j)art seems to be more diffluent. There may be 
only one trichome in each filament, or several trichomes may adhere in a 
common envelope. The end of the trichome was sometimes only gradually 
rounded, but often was provided with a blunt or conical cap cell. 

28. Microcoleus acutirostris Gom. 1892, p. 352. 

Canvey. A, and \i. Ail the year round. 

Ynyslas. A, and B. ix xi. Fig. 13, 74. 

The filaments were about 7()-9()p, in diameter, containing al)Out eight or 
more trichomes aggregated in the middle, so as to leave a thick colourless 
gelatinous surrounding zone. The trichomes were about 10/x in diameter, greyish 
blue-green in colour, and had very granular contents. The apex is gently taper- 
ing to a rather acute tip. The cells vary somewhat in length, but are usually 
less than half their diameter. 

^ At the same time it is an open question whether L. aestuarii and L. confervoides are specilically 
distinct, since they differ only in the colour of the sheath. 
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Unlike M. chthonoplastes, this species is distinctly limited in its distribution 
on the salt marshes, only occurring in the marginal zones. It is rarely apparent 
in the field, but will rise to the surface of the sample on standing (cf. also 
Carter (9), p. 354). 



Fig. 12. Cyanopliyceae charactenatic of the higher zones at Ynyalas. i, Microoohue tenerriwMs 
Gorn.; 2, Tolypothrix tenuis Kiitz. ; 3, 4, Phorrnidium ?)wlle (Kiitz.) Gom. ; 5, 6, Lynghya lutea 
(Ag.) Goni.; 7, Gloeotkece palea (Kiitz.) Rabenh.; 8-10, Hydrocoleum lyngbyaceum Kiitz. 
i, x971; 8, x218; all others x 545. 

29. M. chthonoplastes Thur. 

(Janvey . A, B, C, D, and E. All the year round but more abundant vii ix. 

Ynyslas. A, B, C, D, E, and E. All the year round but more abundant vii-ix. 

Fig. 13, 16 17 . 

This is one of the most important algae on a salt marsh, as it is present at 
all times of the year and occurs at all levels. It is sparse in the marginal mud 
below the phanerogam zones and often rises to the surface of samples taken 
from this region. At times it may even produce a visible film on the surface 
mijd, l)ut, as a rule, such marginal films of Cyanophyceae seen in the field are 
due to OscMlatoria or Lyngbya spp. In higher zones, where the soil is firmer, the 
threads of the alga may be so close together that they give a dark blue-black 
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coloration to the surface soil. Blue-green films due to M, chthonoplaates can be 
distinguished with a hand lens in the field from those produced by OscAllatoria 
or Lyngbya spp., because even under low magnification the streaky nature of 
the growth is obvious, the result of the coarse bundles of trichomes characteristic 
of this species. 

The alga reaches its greatest development July-September, when it often 
covers extensive areas in every zone, especially the Aster-Salicornia, Obione 
and Glyceria zones at Canvey. At Ynyslas there is rarely sufficient bare soil 
for the alga to become conspicuous in the same way, and here it usually occurs 
amongst Vaucheria, other algae or mosses, although if a bare spoi should 
happen to occur it may be clothed with Microcolew chthonopldstes. Such bare 
areas are frequently found on escarpments, or around the margins of pans, and 
here this alga is almost certain to be found. The alga is so general in the 
late summer that even if it does not occur in pure growths it is present 
amongst other algae, e.g. Oscillatoria sancta, Anabaena^ N odularia, Phormidium 
autnmnale, etc. In winter and in spring, although it is not entirely wanting, it 
is reduced in quantity, and while it may not be encountered in all zones, it 
is likely to occur in the Aster-Salicornia zone at this time. 

30. M. tenerrimus Gom. 1892, p. 355, t. 14, f. 9-11. 

(Canvey. (J, escarpment to E. vii ix. 

Ynyslas. E, and F. i, in, vi, viii. Fig. 12, /. 

This species is very inconspicuous, never being recognisable except by 
microscopic examination. It rarely occurs with other species, and is never 
found in quantity. Where apparently bare soil occurs between other plants, 
careful examination often reveals its presence. There seems to be little doubt 
that M. tenerrimus prefers the upper levels and open situations. Thus it occurs 
in the Jimceturn at Ynyslas, where there is much bare soil between the plants. 
It is not found amongst the matted dead haulms of Glyceria at Canvey, but it 
has occasionally been found, wherever there is a stretch of bare soil, on the 
escarpment to the Obione zone below. 

Nostocaceae. 

31. Nostoc commune Vaucher. 

Ynyslas. E, and F. All the year round. 

Nostoc is a very conspicuous constituent of the Upper Festucetum zone, 
where it is usually visible in the field, especially in the damp winter months, 
as large soft gelatinous masses. It persists also in the summer months, but 
since the weather is drier it is only represented then by dry black shrivelled 
particles adhering to the soil, mosses or other plants. Very small colonies, 
discovered only by microscopic examination, have also been frequently found, 
especially in the summer months. Germinating hormogones, as figured by 
Geitler (23), have also been observed. 
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Fig. 13. Oyanopliyceae of cornnuinity No. IJ^. 1-3, Merimiiopedia revoluUi Ask.: 7, part of a 
larg< 5 colony; 2, smaller colony ; 7, 5, Jf. mediterranea Nag.; 6-9, M. (Holopedia) nabulicola 
(Lagerh.) Kirchner: 6, large colony; 7, a portion of the folded colony, showing spaces between 
the cells; 8, some of the cells in siXrface view of the colony, in active division; 9, cells seen in 
the edge view of the thallus; 10, 11, Pseudanahaena brevis, n.sp. ; 12-14, Microcoleus acuti- 
rostris Gom. ; 15-17, M, chthonoplaste^. Thur. 1, 2, 4, 12, and 15, x98; x 162; 7, x460; 
8, 9, and 11, x918; 14, v947; 17, x72(); all others, x 552. 


^ See Part III. 
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Young colonies have a thick, firm cuticle, and in such plants the individual 
sheaths of the trichomes are not visible, and the jelly is colourless. In older 
colonies the firm cuticle disappears, and at the periphery the individual sheaths 
become apparent, often being coloured distinctly yellow. 

32. Anabaena torulosa (Carm.) Lagerh. 

Canvey. B, C, and I), vii ix. 

Ynyslas. E. Also along the marginn of channels and in the plankton of a jian. vii, viii. 

Fig. 14, / -7. 



Ft(j. 14. Community No. YV. 1 f3, Anabaena torulom (Carm.) Jjagerh; •/ 7, Xodularia 
llarveyana (Tliw.) Tliur. i, x8(M); 5, xr>2(); all others xhlll. 

This is a conspicuous late summer form which becomes very abundant from 
July to September and is absent during the rest of the year. It occurs at the 
margins of the channels at Canvey, but not on the softer mud, forming as a 
rule conspicuous bright blue-green circular colonies on the firmer soil near the 
Aster- Salicornia zone. These colonies, which vary in size from half an inch to 
several inches in diameter, are also general throughout the Aster- Salicornia and 
Aster-Glyceria zones. Even in the Ohione zone it may at times be the dominant 
alga, but it has never been observed in the Glyceria zone. It spores abundantly 
in August and September, when pure masses of spores are often collected which 
might be easily mistaken, in the absence of vegetative filaments, for a uni- 
cellular form. 


1 See Part TTI. 
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At Ynyslas the shifting marginal sand and •well- vegetated turf apparently 
do not offer such suitable habitats for the species, but in some sheltered channels 
in July its presence was denoted by the familiar brightly coloured patches. It 
also reached unusual abundance on one occasion as a bloom floating in the 
warm water of a pan in the Juncetum zone in July (cf. (9), p. 360). 

33. Nodularia Harveyana (Thw.) Thur. in Born, et Thm. 1876, p. 122, 
t. xxix. 

(^anvey. A, and B. In pans, vii-x. 

Ynysl^. C, D, and F. v -vm. Fig. 14, 4-7. 

Diam. cell. veg. 4-4-5/x; long. S/x; diam. heterocysts 5/i; long. 3*5 /x; diam. spor. 6-6-8 /x; 
long. 5— 6/x. 

This is a distinctly late summer form, like the preceding, with which it is 
frequently associated. It is best developed in the Aster-Salicornia zone at 
Canvey, where it forms at times large pure areas which may also spread over 
Vaucheria or Enter omorpha. At Ynyslas it does not as a rule form such ex- 
tensive patches, but at the same time it is not uncommon. It spores freely 
July-October. 

The descriptions of this' alga given by Tilden ( 48 , p. 183) and Forti ( 17 , 
p. 432) are very misleading, since they indicate that the cells before division 
are as long as, or longer than broad. The same is true of Thuret’s original 
description of the alga, which is evidently erroneous, as the figures in Bornet 
et Thuret ( 5 ) show an alga almost identical with the Canvey and Ynyslas salt- 
marsh forms. The only difference seems to be that the heterocysts are slightly 
larger in the British alga and also the wall of the spore is colourless, whilst the 
French specimens had a distinctly yellow wall. Possibly the spores observed 
by me were immature. 


ScYTONEMACEAE. 

34. Plectonema Battersii Gom. in Forti, 1907, p. 495. 

Canvey. A, epiphytic on Enteromorpha. iv. 

This was only found on one occasion, but it may sometimes have been over- 
looked. It certainly has no important role on the salt marsh. It is a well- 
known marine species. 

35. Tolypothrix tenuis Kiitz. in Forti, 1907, p. 545. 

Ynyslas. E, and F. i, vii. Fig. 12, 2. 

Filaments 9/x diam., trich. blue-green, 6/x diam.; sheath thin, firm and (iolourless; cells 
scarcely constricted except at the apex of the trichorne. apical cell rounded; branches 
short, often on alternate sides of the main filament, with two heterocysts (or rarely one) 
at the base. 

This alga, only observed on two occasions, both in some abundance, is 
referred to this species with >some hesitation. Petersen ( 40 ) has described a 
forma terrestris from Iceland, but the Ynyslas alga is referred to the typical 
form, with which it agrees in size and other features. Petersen states ( 40 , 
p. 305) that the typical form is capable of thriving on land, and that it is also 
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known from brackish water. Its occurrence on the highest zones at Ynyalas 
should therefore not occasion much surprise. It was found on bare soil, and was 
scarcely visible in the field. 


Rivxtlariaceae. 

36. Rivularia atra Roth in Fremy, 1927, p. 192. 

Plants spherical, 1-4 mm. across, solitary or confluent to form large masses, 2 or 2 cm. across. 

37. R. nitida Ag. in Fremy, 1927, p. 192. 

Plants ^ to 2 cm. in diameter, often hollow, and flattened into a somewhat auricula e form. 
Ynyslas (both species). 0, D, E, and E. Also all escarpments and margins of pans. All the 

year round. 

Rivularia atra^ is much more abundant than R. nitida, tliough the latter was 
observed on three occasions in the Armerietum and the Junc^etum. The genus 
is represented at all times of the year, but the plants are jiarticularly flourishing 
in the winter months, when they are present in large quantity as small, very 
hard, round colonies, especially on the vertical faces of escarpments and at the 
margins of pans, where there is plenty of bare soil not colonised by phanero- 
gams. At this time of the year it also tends to spread whenever possible be- 
tween the grasses and other plants of the Armerietum or other turf zones, 
starting from escarpments or pan margins. 

In the summer months the plants become shrivelled and less conspicuous 
and, especially in times of drought, they may be completely overlooked owing 
to their being covered with a thin white powdery deposit. This deposit was 
investigated chemically, both before and after incineration to destroy organic 
matter. It was found to be insoluble in concentrated sulphuric and acetic 
acids, proving the absence of carbonates. It was also insoluble in hot con- 
centrated hydrochloric acid, but partially soluble in dilute nitric acid. The 
addition of ammonium oxalate to this solution gave a slight, precipitate of 
minute crystals. This indicates that the original deposit contained calcium 
sulphate. The insoluble residue is probably silica. 

In November, 1927, R. atra was observed to be forming hormogones in 
large quantity. Some of the colonies were covered with a pale green moist 
film, which, when scraped off, was found to contain numerous hormogones 
amongst debris. 

At certain times of the year the Rivularia colonies seemed to be penetrated 
by a green alga belonging to the genus Endmlerma (see p. 132). 

Rivularia seems to be intolerant of standing water, or of too frequent sub- 
mergence. Thus it is always found fairly high up on the marginal escarpments, 
on the firm border which often bends over from the horizontal zone above ; 
and when growing around the margins of pans it is always well above the h^vel 
of the standing water of the pan. 

The colonies are exceedingly hard and are often partially embedded like 
jewels in the firm silt of the escarpment, so that the tiny spheres are only dis- 
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placed with some force. In winter, the colonies become so numerous that they 
tend to form concrescent masses in which individual colonies are difficult to 
see. A visit to the marsh in November, 1927, after an unusually high tide, 
showed that the Rivularia covering is very valuable in protecting the margins 
of the escarpments, since certain areas well clothed with Rivularia were not 
eroded, whilst adjoining portions of the escarpment had been so eroded as to 
expose freely the roots of grasses and other plants. Continual erosion, however, 
proves too severe for the alga, for when observations were made in March in 
the following year, it was found that erosion of the marginal escarpments and 
pans in the vicinity had resulted in the destruction of nearly all the Rivularia 
colonies, although further back in the marsh the plants were just as abundant 
as ever. 


BACILLARIALES. 

The diatoms occurring on both marshes were rarely present in sufficient 
quantity to be collected and cleared in the usual way by boiling with nitric 
acid. They occurred most abundantly at the margins of the marsh at Canvey, 
forming a brownish film, usually distinctly visible, on the soft substratum. 
Fairly pure samples could be obtained in such a case, but the proportion of 
mud was always high. At Ynyslas the more sandy and less tenacious marginal 
mud is not sufficiently stable for such a stratum to hold together, but in the 
more sheltered channels a film of diatoms is often apparent, and here many 
forms commonly found at the margins of the Canvey marsh are to be recog- 
nised. In all other zones of the marsh, however, diatoms rarely formed a 
visible film, but occurred more often as scattered individuals on the surface 
of soil which is apparently bare, or amongst Cyanophyceae or Chlorophyceae. 
Samples taken from such material contained so few diatoms that the risk of 
loss on boiling in nitric acid would have been very considerable. Samples were 
therefore spread on a slide and incinerated by heating over a Bunsen burner. 
By this treatment there was no danger of losing any individuals, either by 
reason of small size or delicate silicification. The last character is probably of 
importance in the case of poorly silicified species such as Amphora Imeolata 
and Nitzsc^iia epithemioides. 

More than eighty species of the group have been identified, the majority of 
which are present on the Canvey marsh. The marsh at Ynyslas does not seem 
to be so rich in species, only about fifty species being recognised. 

As regards the distribution of the diatoms over the marsh the zonation 
shown by the phanerogams is reflected to a slight degree in the diatom flora, 
though there are a few species which seem indifferent to the varying conditions 
of exposure and submergence at different levels and are to be found in all zones. 
The zonation in the diatoms is more apparent at Canvey than at Ynyslas. 
Seasonal periodicity involving a difference of species at different times of the 
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year was only striking in the lowest or marginal zone. Here there were, in 
addition to the forms which occur at all times of the year, certain others which 
become especially prominent either in the summer or winter. This periodicity 
may be more prominent in the marginal zone than elsewhere because the 
stratum of diatoms is much more abundant there and covers considerable 
areas without interruption. Any sample taken is thus fairly typical of the 
whole. In the higher zones other algae and phanerogams interrupt the dis- 
tribution of the diatoms, so that the chances of taking an average sample are 
not so great. Forms relatively rare in one spot might be common elsewhere. 
In this way periodicity might easily be obscured. 

From records taken at Canvey it seemed possiblf' to distinguish the follow- 
ing groups. In each group rare species have Ix^en excluded and the grouping 
should be regarded as approximate rather than rigid. 

I. Occurring in all zones (Fig. 15). Navicula gregaria, N. pygmaea, N. sub- 
inflata var. elliptica, N. vacilla/ns, N. didyma, N, cineki var. heufleri, (lyrosigma 
Spcnceri, Stauroneis septenfrionalis and Nilzschia na/vicularis. This list includes 
only those which are to be found in fair quantity in any zone and do not seem 
to be specially abundant in any particular one. 

II. Top zones {Obione and above, Fig. 16). Navicida litoralis, N, Sniithii, 
Nitzschia palea var. tenuirostris, N. bilobata, N. subfilis and N, lanceolata. 
var. incrustans. The prevalence of sj)ecies of the genus Nitzschia amongst these 
forms restricted to the higher and firmer soil is noteworthy. 

III. Upper zones {Aster-Salicornia and above, Fig. 19). Navicula forniosa, 
N, constricta, N. interrupta, Nitzschia obiusa var. scalpelUj^ornds, N . intercedens 
and Navicula rnutica. 

IV. Lower zones {Aster-Salicornm and lower. Fig. 20). Namcula amnio- 
phila vnT. flanatica, N. Bombus^ N , lanceoluta var. phyllepta, Nitzschia Claussii 
and N . obtusa var. nana, 

V. Marginal: Present all the year round (Fig. 21). Gyrosigma Wansbechd, 
G. balticum, G, litorale, Nitzschia aciiminata and Navicula. spuria. 

More promdnent during winter (Fig. 22). Pleurosigma angulatvm, Gyrosigrna 
diaphanum, G. Fasciolu, Nitzschia rigida, Navicula digito-radiata var. cyprinus, 
Surirella gemnm and S. ovalis var. ovata. 

More proniinent in sunwmr (Figs. 23 and 24). Scoliopleura tumida, S. 
latestriata, Amphora lineolata^, A. proteus^ Stauroneis Gregorii, Gyrosigma 
attemiatmn var. scalprum and Nitzschia epilhemioides. 

At Ynyslas zonation in the diatom flora does not seem to he nearly as pro- 
nounced. The lowest zones, open bare sand with Salicornia and the Glyceria 
zone rarely produce anything more than a few isolated specimens of Scolio- 
pleura tumida, Navicula ci/ncta var. heufleri or Nitzschia rigida. The upper 

^ Sometimes abundant as high as the Aster -Salicornia zone. 
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zones, Armerietum, Lower Festucetum, and Juncetum usually supported 
examples of Groups I, II, and III above. 

Kolbe ( 32 ) has recently published an ecological treatise on brackish 
diatoms. In this work he divides them into the following groups: 

Euhalobic, forms which flourish best in water of the concentration of sea 
water. 

Mesohalobic, forms which flourish in water less concentrated (0*5- 
2 per cent.). 

Oligohalobic, forms inhabiting water of less than ()-e5 per cent, concentration. 
This group is further subdivided into : 

Halophilous, fresh-water forms which are stimulated to increase their 
numbers in water slightly more saline than their customary water. These are 
often abundant in brackish water. 

Indifferent forms, ordinarily fresh water, some of which, however, can exist 
in brackish water, although decreasing in number. 

Halophobic forms, which find a very slight increase in the concentration of 
salts very detrimental. 

Unfortunately Kolbe's work includes very few of the species commonly 
found on these two British salt marshes, so that detailed comparison is not 
very helpful. Mention may be made, however, of the striking absence of species 
of the two genera Cymhella and Gcmiq)honema from the Dovey and Canvey salt 
marshes. Kolbe’s work includes many representatives of these genera. The 
majority are described as ‘‘oligohalob,” though there are a few species which 
are said to be ‘^halophilous.’^ On the whole, therefore, these diatoms do not 
favoui* strongly saline water. 


CENTRWAE\ 

Melosirackae. 

1. Melosira Borreri Grev. 

Canvey. In pans, abundant with Navicula crucigernm, festooning grass roots and debris, i. 

2. M. Jurgensii Ag. 

Canvey. I). i-iii. 

3. M. nummuloides (Bory) Ag. 

Canvey. I). i-iii. 

The last two species of Melosira have been previously recorded as brackish 
or marine, but they were only observed on the Canvey marsh in 1928 and are 
probably to be .regarded as moisture-loving forms, rather than as true marsh 
diatoms. Following an extremely wet winter, both appeared in quantity with 
Rhabdoderina minutum in a wet ditch as bright brown festoons on dead grasses 
in water trickling over a temporary dam of debris. At first, in January, 

^ In this list, the order of the genera follows, as far as possible, that given in West and 
Fritsch (50). 
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M. Jurgensii was jjresent in greater al)undaiice, f)iit when collections were 
made in March, M. nummuloides seemed to have increased in quantity. After 
this the marsh became drier as the spring advanced, the channel containing 
them drained, and both forms disappeared. 

4. M. (Paralia) sulcata Ehr. f. radiata Grun. {Orlhosira marina W. Sm.). 

Oarivey. All zones. Rare or ocAjasional. All the year roinul. 

Ynyslas. All zones. Rare or oceasional. AH the year round. 

This is the commonest of all the centric diatoms, being noted on more than 
thirty occasions, from both marshes and at all times of the year. It wai^ never 
present, however, in any abundance, 0(;curring as isolated individuals or short 
filaments and it was always rare. Very often only occasional empty frust ules 
were to be seen. On the whole, it is probable that this species is not a real 
marsh inhabitant, but, being a common and widely distributed marine diatom, 
it is frequently deposited by flooding tides on all parts of the marsh. 


CoSCTNODTSOACEAE. 

5. Gyclotella Meneghiniana K iitz. 

Canvey. R, C, and E. Rare, sporadid. 

This diatom, which is common in fresh waters, is known, however, to be 
capable of accommodating itself to salinity and to occur in estuaries (see 
Peragallo (39), p. 435). 

6. Goscinodiscus excentricus Ehr. in V. H., 1880, p. 217, t. 130, f. 8. 

( -anvey. C, rare. vii. 

The individuals were about 47/x in diameter. Probably the species is more 
general than this one observation indicates, but it is very rare, and probably 
only such individuals as are washed up by the tide are to be found. It is not 
a true marsh form. 

7. ? G. tabularis Grun. var. egregius (Rattray) Hustedt, 1928, p. 428, 

Fig. 230, on p. 427. 

Canvey. A, and C. Rare. 

This tiny diatom may possibly have been frequently overlooked, but it 
never occurred in any quantity. It is not restricted to any zone, and, like the 
preceding species, is probably deposited by receding tidal waters. The small 
frustules were only 12 or Vifi in diameter in the valve view, and frequently 
occurred in short filaments, as the girdle view showed. The areolations seemed 
to have no very definite order; they were 5-7 angled, and slightly larger in the 
centre, decreasing gradually towards the margins. The form is referred to this 
species with some hesitation, since the hyaline margin described by most 
authors was not visible in the valve view, though in the girdle view it could be 
made out quite distinctly that the areolations do not extend to the limits of 
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the valve. The valves are slightly concave or convex (possibly partly due to 
the collapsing of the frustules in preparation by burning), and this might quite 
well explain why the margins of the valve are not clearly visible in the valve 
view. 


Heltopeltaceae. 

8. Actinoptychus undulatus (Ehr.) Ralfs. 

Canvey. All zones, rare. All seasons. 

Ynyslas. B, C, and 1). All zones, rare. All seasons. 

This is a very general constituent, though never occurring in great numbers; 
it is one of the most frequent of the centric diatoms and is not restricted as 
regards level or season. 

Biddulpuiageae. 

9. Biddulphia Smithii (Ralfs), V. H., 1880, p. 207, t. 105, f. 1, 2. 

Canvey. A, and B. ii, xi. 

10. B. aurita (Lyngb.) Breb. in V. H., 1880, p. 205, t. 98, f. 4-9. 

(Janvey. All zones, rare. No seasonal periodicity indicated. 

Though not observed at Ynyslas this form is occasional at Canvey, although 
it is rare as regards numbers. 


PENNATAE, 

Tabellartaceae. 

11. Rhabdonema minutum Kiitz. in V. H., 1880, p. IGG, t. 54, f. 17-19. 
Canvey. B, and 1). J, viii. 

This diatom appeared in great abundance in a ditch during the very wet 
winter of 1927-8. It was dominant in the ditch, and almost pure, species of 
Melosira being its only associates (see p. 172). During the wet season it was 
also present to some extent on the soil as well. Its occurrence is probably 
sporadic, since with the drier conditions of the advancing spring it disappeared. 

Rhaphioneidaceae. 

12. Rhaphioneis amphiceros Ehr. formae. 

Canvey. All zones. All seasons. 

This was quite a frequent species on the Canvey marsh, though not occur- 
ring in great numbers. In form it was very variable, but the relatively wide 
frustules usually attributed to var. rhombica Grun. in Peragallo (39, t. 83, f. 21- 
23) were perhaps more common than the typical form. Forms approximating 
to f. 23 of Peragallo were particularly frequent. Its records show no restriction 
as regards level or season, but because of its small numbers it seems doubtful 
whether it multiplies on the marsh, being only an occasional form at the most. 
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13. R. belgica Orun. in Peragallo, 1897, p. 330, t. 83, f. 24 26. 

Canvey. A. i. 

This species was only observed on one occasion, when it was present as 
scattered individuals. Unless frequently overlooked on account of its re- 
semblance to the preceding species it must be qtiite a rare constituent. 

Fragilariaceae. 

14. Ssmedra barbatula Kiitz., Peragallo, 1897, p. 316, t. 80, f. 5. 

Ynyelas. A. viii. 

There is only one record for this species, but it may possibly be a more 
general constituent. It was epiphytic on drift Enter ornorpha lying on the open 
mud at Ynyslas. 

Achnanthaceae. 

15. Achnanthes brevipes Ag. 

(yanvcy. A, H, C, and I). All seaHons. 

Ynyslas. A, B, C, D, and F. All seasons. 

This species, which is known to be widely distributed in marine and brack- 
ish waters, occurred as an epiphyte. It was the usual and often the only 
epiphytic diatom which occurred on Rhizodonium, and EnteromorpJia spp. 
Occasional frustules were found free. It never occurred in great quantity. 

16. A. delicatula Kiitz. in V. H., 1885, p. 150, t. 27, f. 3, 4. 

Ynyslas. B, C, I), and F. in, vi. 

This is a form which is known to be brackish and is recorded for the North 
8ea. It occurred only as a rare specimen amongst other diatoms between the 
higher plants. 

Naviculaceae^. 

17. Navicula (Diploneis) constricta Grun. 

Ynyslas. C, 1), and F. All seasons. Fiji;. 19, 6. 

This species was never found at Canvey. With two exceptions all the records 
for it are from the Juncetum, of which it seems to be a constant constituent. 
It prol)ably has a preference for the higher and drier parts of the marsh. The 
striations were somewhat finer than usual, 12 in 10/x. 

18. N. (Diploneis) interrupta Kiitz. 

Canvey. B, and E. xi. 

Ynyslas. B. C, and D. i, vi. Fig. 19, 7. 

L. 45-55g; B. 16-I7g; B. constr. 6-lOg; striat. 10 in lOg. 

This is an occasional species, which, however, reached some degree of 
abundance on one or two occasions. There is some indication that it prefers the 
intermediate and higher portions of the marsh. It is widely distributed in 

* In the genus Navicula and other navieuloid diatoms, the speeies are liste<l for tiie most part 
in the order given by Gleve (10). 
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brackish waters (cf. Kolbc (32), p. 115). Van Heurck (49) gives the striations 
as 4 in lOp,. The present examples agreed better with the figures given by 
Pcragallo (39, p. 114). 



Fu;. 15. Salt marsh diatoms not reatrioted to any particular level. 1-4, Navicula vacAUans A. S. ; 
3, 4, upper and lower valve, s of the same individual; 5, 6*, Gyrorngma Spencer i W. Sin.; 
7, Nitzschia miviculariH Hrtdi. ; S-lh SUmroneis septentrionalis (Irun.; 8, 9, upper and lower 
valves of the same individual; 12, Navicula didyma Ehr. ; 13-15, N. gregaria Donk. ; 16, N. 
cirwta Ehr.; 17, 18, N. cincta var. heufleri Crun. ; 19 21, N. mbinflata Gnin. var. ellipfica Cl. 
6, 8, 9, 11, and 21, x 1955; all others, x 9()3. 

19. N. (Diploneis) didyma Ehr. 

(]anvcy. All zones. All seasons. 

Ynyslas. All zones. All seasons. Fig. 15, 12. 

This is a very frequent species, though rarely found in great abundance. 
It is usually represented only by an odd specimen or so, but was once found in 
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great abundance in the plankton of a pan full of standing water at Canvcy in 
June, and also in the same month amongst Rhizocloniutn at the margin of a 
large channel at Ynyslas. Possibly it prefers the moister habitats, but the 
records are not very conclusive on this point. 

20. N. (Diploneis)BombusEhr.mCleve,1894, p. 9();Peragallo, 1897, p. 119, 
t. 18, f. 10, 11. 

Canvey, A, and B. No seasonal variation indicated. 

Ynyslas. In pan. Fig. 20, ,5. 

This is not a common form, having been observed only on four occa -ions, 
and never in great quantity. On two occasions it was found in a pan of stand- 
ing water, and it probably prefers the moister habitats. The specimens were 
sometimes well under the size usually given for this species, varying from 
26 to 45/x in length. 

21. N. (Diploneis) ovalis Hilse {N. cMiptica Kiitz.). 

Canvey. C, I), and E. No seasonal periodicity indicated. 

Ynyslas. D, and F. Fig. 16, 8 . 

This is a typical fresh-water species. There is a var. grandis mentioned by 
Cleve (10) which is fossil and brackish, but the present individuals do not seem 
to agree with this. There is a definite indication in the records for this species 
on the two marshes that it prefers the upper zones, where it is a not uncommon 
constituent of the diatom flora. At Canvey it is quite frequent in the Glyceria 
zone, and similarly at Ynyslas it is common in the Juncetum, being rarely 
found at lower levels on either marsh. A typical fresh-water species, it is 
not surprising that on the salt marsh it only occurs where submergence by the 
sea is infrequent. Kolbc (32), refers to it as ‘indifferent” (see p. 172). 

22. N. (Diploneis) litoralis Donk. in Cleve, i, 1894, p. 94 (var. suhtilis in 
Peragallo, 1897, p. 126, t. 20, f. 11). 

Canvey. B, C, 1), and E. No periodicity indicated. 

Ynyslas. B, F, 1), and F. Fig. 16, 5 - 7 . 

L. 22-30 /x; B. 10 13/x; striae 14 18 in 10/x. 

This was a very (^ommon species. The specimens were rather small and 
finely striate as compared with the descriptions of Cleve and Peragallo. A 
preference for the higher ground is indicated, since the species was only found 
on one occasion lower than the Obione zone at Canvey, and at Ynyslas it was 
found in the greatest abundance in the Juncetum zone, though it occurred in 
all zones except the open sand. The specimens often seemed to be transitional 
to the next {vide infra), 

23. N. (Diploneis) vacillans A. S. in Peragallo, 1897, p. 126, t. 20, f. 15. 

Canvey. All zones. All seasons. Fig. 15, 1 - 4 . 

L. 35-52 /x; B. 14-17 /x; striae 10-12 in lO/x. 

This species seems, on the whole, to prefer the softer mud of the lower 
zones. It is a common form on the Canvey marsh but was not observed at 
Journ. of Ecology XXI 
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Ynyslas. At Canvey, althougli rarely occurring in quantity on the open mud, 
it was a frequent constituent of any zone between the margin and the Obione 
zone. It was foimd in abundance very occasionally in the Glyceria zone, 

but when this happened it could usually be ascertained that a high tide had 
taken place not long before the samples were collected. This might account for 
the specimens being washed up above their normal level on the marsh. It is 
probably not a normal constituent of the Glyceria zone at Canvey. 



Fig. 16. Diatoms found ohieiJy in the top zones of the marsh (Obionp and Glycerin zones at Canvey). 
1^3, NitzscMa subiilis Kiitz. ; 4,N.j)aha (Kiitz.) W. 8m. var. termirostris V. H.; 5-7 y Navicuki 
litoralia Donk. ; 8 , N, ovalis Hilse; 9, N. Smiihii Breb.; 10, Nitzachia Uinceolata W. Sm. var. 
incruatana Grun. ; 11 , 12, N. bilobata W. 8m. 11, x552; all others, x 962. 

The three preceding species, N. elliptica, N. litoralis and N. vacilkins are 
not readily distinguished from one another, the last two being exceedingly 
difficult to separate. N. elliptica can be recognised by its rather larger size 
and by the distinctly punctate nature of its striae. The punctae are large, dis- 
tinct and widely separated from each other (Fig. 16, 8). It is quite a different 
matter as regards the other. two species, in neither of which are the striae so 
readily resolved into punctae. It is rather questionable whether the last two 
are specifically distinct. At any rate, individuals were observed from the 
Aster zone at Canvey in which the one valve had the characters of N. vacillans. 
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and the other of N , litorahs (Fig. 15, 3, 4). In its typical form, N, vacillans 
seems to have its striae a little coarser than N, litoralis, i.e. about 10—12 in 
10 fJL, and the two conspicuous fuirows on either side of the median line bulge 
somewhat roimd the central nodule to enclose a lanceolate space (Fig, 17, 1, 2), 
N. litoralis has striae measuring about 18 in 10/x, and its furrows are parallel 
for their whole length, enclosing a rectangular rather than a lanceolate space 
around the central nodule (Fig. 16, 5-7). In transitional forms found at Canvey 
the striae were usually 12 or 13 in lOp,, whilst the area around the central 
nodule tended to be lanceolate rather than rectangular, and the two valves of 
the same individual sometimes varied in the last character. In spite of these 
difficult cases, the extremes of structure typical of the two species are remark- 
ably distinct, although as Cleve says ( 10 , j, p. 7), many of these species are con- 
nected by intermediate varieties, and because of this it seems doubtful whether 
these two should have specific rank. Ecologically, however, they seem to be 
distinct. N. vacillans has not been observed at Ynyslas, and at Canvey N, litoralis 
rarely descends into the Aster-Salicornia or marginal zones, which are quite 
typical habitats for N. vacillans. It would seem that N. vacillans has, on the 
whole, a lower location on the marsh than N. litoralis, although they overlap 
for part of their area. 

24. N. (Diploneis) Smithii Breb. 

Canvey. All zones. All seasons. 

Ynyslas. B, C, D, and F. All seasons. Fig. 16, 9. 

L. 56-85^; B. 25-35 ft; striae 8-10 in 10/i^. 

This species is readily distinguished from the preceding three by its larger 
size and its striae composed of double rows of minute punctae. It is un- 
doubtedly associated more particularly with the higher zones of the marsh, 
occurring very abundantly in the Glyceria zone at Canvey and the Juncetum 
at Ynyslas. When observed on the lower levels of the marsh, as on one occa- 
sion in the marginal zone at Canvey and the Glycerietum at Ynyslas, it was 
exceedingly rare. It was also a rare constituent of the plankton flora of pans 
at Canvey. It reached its highest development on the Juncetum at Ynyslas. 

25. N. blanda A. S. in Cleve, 1894, i, p. 62 ; Peragallo, 1897, p. 77, 1. 14, f. 2, 3. 

Canvey. Plankton of pan. vi. 

L. 46-57 ft; B. about 12ft; striae 7 in 10ft. 

This species was only observed on one occasion, when it was present in some 
abundance amongst other diatoms in standing water. It is possibly not a regular 
constituent of the marsh flora proper, but was probably induced to multiply 
and become abundant by the warmth and undisturbed conditions in the pan. 

26. N. pygmaea Kiitz. 

Canvey, All zones. All the year round. 

Ynyslas. All zones. All the year round. Fig* 21, 

This is one of the most frequent forms on both marshes. It enjoys a very 
wide distribution in all zones, and may be very common at any level. Perhaps 

12-2 
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it reaches its greatest development, however, in the marginal mud at Canvey, 
where it was very abimdant July-November. On one occasion in June it was 
very frequent in the plankton of a pan. At Ynyslas it was never present in such 
great abundance, but was likely to occur at any level. Sometimes forms with 
slightly rostrate apices were present along with the typical form. Although 
observed at most times of the year there is some indication at Canvey that it 
is more abundant in summer. At Ynyslas it was not uncommon in March and 
June. Kolbe (32) describes this species as mesohalobic (see p. 172). 

27. N. gregaria Donk. 

Canvey. All zones. All seasons. 

Ynyslas. All zones. All seasons. Fig. 15, 13-15, 

L. 21-68 /a; B. 4-5-1 2 /x; striae parallel, 15-20 in 10 jj.. 

This is a species which approaches N. cryptocephala, from which it differs 
in its very narrow and almost negligible central area, and in its striae parallel 
for their whole length. In size it was exceedingly variable; once, when occur- 
ring in plankton, its dimensions were as much as double the normal, reaching 
68 X 12 fi. The form of the frustule is likewise apt to vary somewhat, the apex 
being sometimes very definitely rostrate, and sometimes scarcely rostrate at 
all. This delicate little diatom is one of the most generally distributed on the 
two marshes. It occurs at all levels in both localities, and is a common con- 
stituent of the plankton of pans, enjoying an aquatic habitat equally with 
the drier conditions of the Glyceria zone at Canvey or the Juncetum at Ynyslas. 
After the unusual tides in November, 1927, at Ynyslas, this diatom was a 
common constituent of the line of debris surrounding full pans after the water 
had gradually receded (see Carter (9), p. 370). There was some indication that, 
though it has been found all the year round, it is most abundant June- 
September. 

28. N. crucigera (W. Sm.) Cleve {Schizonema cruciger W. Sm.). 

Canvey. In pan, epiphytic on submerged grass, i. Fig. 17, i-6‘. 

L. about 116/x; B. about ll/x; trans. striat. 18 in 10 fi. 

The figures and descriptions of this species are not very satisfactory. 
Cleve ( 10 , 1 , p. Ill) gives the transverse striation as 12 in 10/x and Van Heiirck 
(49, p. 110, t. 16, f. 1) as 24 in 10/i. In the present specimens it was inter- 
mediate between these figures, and the longitudinal striation was rather finer 
and more difficult to see. The figures of Van Heurck do not show the staxiros 
properly, although the description of its being covered by two striae stouter 
than the rest agrees very well with the present specimens. The stauros is seen 
as a glistening bar. The specimens were in wide unbranched tubes, four or five 
abreast, and when examined in the living condition the frustules were actively 
motile, both those contained within the tube and those which had escaped. 
The species was seen only on one occasion. 
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29. N. mutica Kiitz. forma CoJinii Hike. 

Canvey. B, and E. i, vii. pig 19 4 

This tiny diatom has only been observed on a few occasions at Canvey 
although there would seem to be habitats equally suitable at Ynyslas. On two 
occasions it was quite abundant in July in the Glyceria zone, which seems to 
be its natural habitat, for it was only found once below this level. 

30. N. subinflata Grun. var. elliptica Cleve, i, 1894, p. 141: Peragallo, 
1897, p. 61, t. 7, i 44. 

Canvey. All zones. Abundant, vii-ix. 

Ynyslas. ii, C, 1), and F. tit, vi, vir. Pijr. 15 ^ 19 21. 

This small species was slightly more slender than Cleve’s dimensions, 
measuring about 30 x 7p, whilst Cleve gives 35 x 13jLt. Owing to difficulty 
in obtaining valve views, the identification of this species was not easy, and 
I am indebted to Mr Uavid McCall of Dundee for valuable help in determining 
it. The striation of the valves is very delicate, 20-22 in 10/x, and the striae are 
parallel the whole length of the valve. There is a small lanceolate area sur- 
rounding the central nodule. In the girdle view two longitudinal series of minute 
dots can be distinguished. The diatom is often very abundant and has a very 
wide vertical range on both marshes, having been observed iii almost every 
zone, although in general it is more abundant in the Ohione and Glyceria zones 
at Canvey than in the lower zones. At Ynyslas it is also more abundant in the 
highest zones (Arrnerietum and above). The records seem to indicate that it is 
more commonly present in summer. It has not been seen at all in the winter 

months. 

■ 

31. N. scopulorum Breb. {N. Johnsonii Van Heurck). 

Canvey. Coloiiiaing sod of Ohione zone vv liich had fallen into the cjhannel 8 or 1 0 ft. beneath . 

ni, IV. Fig. 17, 1-3. 

L. 60 106/1 ; B. 10-20 /i; trans. striat. 20-24 in 10 /x. 

This beautiful diatom was only observed in the one habitat. A solid lump 
of soil, loosened by erosion, had fallen into the soft mud of the channel and 
remained recognisable for some months before being disintegrated; it was 
abundantly covered with this diatom. iV. scofulorum is very delicate and only 
slightly silicified. The preparations were not made by cleaning with acid, but 
by incineration on the slide. Even so, the delicate frustules buckled and 
twisted, so that relatively few retained their characteristic form. The striae 
are exceedingly delicate, and can be resolved into minute punctae. They are 
parallel throughout their whole length, and measure 20-24 in lOp. In the 
middle line the striae nearly extend to the raphe, except for a short length 
around the central nodule. In the valve view it is seen that the central and 
end nodules are all rather elongated, a feature which has not hitherto been 
emphasised. The girdle is complex, showing at least four longitudinal lines. 
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32. N. Grevillii Ag. 

Canvey. All zones. All seasons. 

Ynyslas. AU zones. All seeisons. 

L. about 20^; B. about 5*5^; striat. 18 in 10 /x. 

This is a form which may occur in all zones not frequently disturbed by tidal 
action. Whenever silting up is in progress, and the level of the soil is raised 
so that it is not frequently submerged, this is one of the first plants to appear. 

At Canvey, silting often results in the formation of small rounded hum- 
mocks a foot or two in diameter which lie like islands out in the channel (see 
Carter (9), p. 366). Long before phanerogams have established themseb^?s on 
this higher ground, N, Grevillii will be represented, along with Cyanophyceae 
and Vaucheria, At higher levels in the marsh also, as observed at Canvey, 
erosion may denude the surface of the soil of its existing algal vegetation 
(largely Enterornorpha and Vaucheria). As soon as erosion ceases Navicula 
Grevillii is the first to establish itself. Its habit of growth, the frustules being 
contained in tough gelatinous tubes, renders it of the greatest importance as 
a first coloniser. The tubes are firmly lodged between the small particle.^ of soil 
and it is very difficult to free them from adhering mud. Thus its tubes form a 
firm brown covering over the surface of the soil, which must be of great im- 
portance in preventing the further washing away of the surface by the action 
of the tides. N, Grevillii is often found in quantity on the surface of the soil in 
any zone above the Asler-Salicornia level, especially if there is a brown colora- 
tion and no apparent algal covering. Such apparently bare soil often possesses 
a firm outer layer in which the tubes of N. Grevillii ramify. 

At Ynyslas the more compact nature of the turf formed by the. grasses and 
other phanerogams prevents N. Grevillii from playing such an important role. 
Here it has more scope for development in the Junceturn, where there are exten- 
sive stretches of bare soil free from phanerogams and larger algae, and perhaps 
it is even more important on the vertical surfaces of the marginal escarpments. 
Experiment proved that N. Grevillii is the first coloniser on bared soil in this 
region (see Carter (9), p, 366), Furthermore the alga is present at all times of the 
year, so that this fact also makes it more important as a protector of bare soil. 

Its frustules were very tiny, smaller than the dimensions usually given. Its 
nodules and striation are very delicate and only seen with difficulty. The end 
nodules are some distance from the ends of the valves and the girdle view is 
complex. As a rule the frustules are in single file in the tubes. 

33. N. Bulnheimii Grun. var. belgica Cleve. 

Canvey. B, C, and E. vii, vui. 

Ynyslas. C. vi. Eig. 18, 6-8. 

L. 33-41 fi; B. 6-7 /x; striat. 28 in 10^. 

This form was found on several occasions. It may inhabit any soil which 
appears to be bare and not undergoing erosion, but it has not been seen 
below the Aster- Salicornia zone at Canvey. Its frustules are usually crowded 
in tubes, several abreast, but they are sometimes free. The end nodules are 
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very distant from the ends of the frustule, and the striae, which are exceedingly 
fine, are slightly more distant in the centre of the valve and also leave a small 
rounded area around the central nodule. The girdle view resembles greatly that 
of N. Grevillii. 



Ficj. 18. Filamentous diatoms. 1, 2^ Oyrosigrna scalproidafi Rabenli. var. exitnia Thw. ; 3-5 y 
Navimla Grevillii Ag. ; 6~8, N, Bulnhehnii Grun. var. beJgica Cl.; 9, 10, N. ramosmssima Ag. 
1, 3 and 6, x ()13; all others, x 1070. 


34. N. viridula Kiitz. 

Canvey. All zones. No seasonal periodicity. 

This species, which was only found at Canvey, was very rare, occurring 
only as very isolated individuals. Kolbe ( 32 ) describes it as ‘'oligohalob.’’ 
This is scarcely in accordance with its occurrence at the margins of the marsh, 
but since it was always so rare, its requirements are not easily defined. 

35. N. cincta Ehr. 

Canvey. Plankton of pan. Rare., vi. 

Ynyslas. C. Rare. ix. Fig. 15, 16 . 

This species was only noted on two occasions, but possibly it was at times 
confused with its var. heMjleri, which is far more common. When observed at 
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Ynyslas it was in a scum left by the receding water of pans which had been 
filled to overflowing by unusually high tides (see Carter ( 9 ), p. 370). All three 
forms were unusually large in this peculiar habitat, suggesting that the con- 
ditions for diatom growth were particvdarly favoural)le. 

var. heufleri Grun. 

Canvey. All zones. All seasons. 

Ynyslas. All zones. All seasons. 15, 77, IS. 

This tiny diatom is one of the most frequent of all Naviculas, and was 
equally abundant on both marshes. Although not uncommon in the marginal 
regions it becomes more important at higher levels, where it often becomes 
dominant owing to the falling out of species more de pendent on moist conditions. 
It was very variable in size and sometimes seemed to grade into the type form. 

36. N. peregrina Ehr. 

Ynyslas. B, C, D, and F. No seasonal pcTiodieily indicated. Fig. 19, 7. 

L. 90 /a; B. 19 /x; striae 8 in 10 /x. 

This species, occurring at Ynyslas only, seems to have a preference for the 
higher levels of the marsh. In the lower hovels (Glycerietum) it only occurred 
as a very rare constituent. Once it was found in mud at the bottom of a full 
pan, but then also was rare. In the Lower Festucetum and Juncetum it was 
sometimes present in fair quantity. 

37. N. digito-radiata Greg. var. Gyprinus (Ehr.) W. Sm. 

Canvey. B, and D, All seasons. 

Ynyslas. B, C, 1), and F. Fiy. 22, 7. 

This is a species whose natural habitat seems to be in the lower parts of the 
marsh, where it sometimes occurs in abundance. It is especially common in 
the marginal zone at Canvey, where it may become locally dominant especially 
in the winter months. It is always rare at any level higher than zone A. On 
one occasion it was not uncommon in the plankton of a pan. At Ynyslas the 
conditions for the development of this species are apparently not realised to 
the full, for although observed on several occasions, it occurred only as an 
occasional individual. At Canvey there was a definite indic.ation that this 
species has a winter maximum, since it is to be found at the margins of the 
marsh from November to February in great quantity. Between July and 
October it was always rare. Peculiarly enough the Ynyslas records are all in 
the months of June and July, but, as already pointed out, it was only an 
occasional species on this marsh. 

38. N. lanceolata Kiitz. var. phyllepta (Kiitz.) Cleve in V. H., 1885, p. 88, 
t. 8, f. 40. 

Canvey. B. vii, ix. 

Ynyslas. Amongst Rhizoclonium in large channel. 20, 7. 

L. 33 /x; B. 8/x; striae 17 in 10 /x. 

This species was observed only on four occasions, but possibly, since it was 
rare, it may sometimes have been overlooked. It was usually found in the 
Aster-SaUcornia zone at Canvey, indicating a preference for soil moist, but not 
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frequently disturbed by tides. Usually it occurred as isolated specimens 
amongst Navicula subinflata var. elliptica and Amphora Uneolata. A peculiar 
feature which seemed to be fairly constant is the fact that the striae seem to 
be more strongly radiate on one side of the valve than on the other. This 
feature is slightly indicated in Van Heurck’s figure, although there is no refer- 
ence to it in the text. 

39. N. anunophila Grun. var. flanatica Grun. 

Canvey. A, B, and D. No seasonal periodicity indicated. 

Ynyslas. B, and C. Fig. 20, 2. 

L. about 40 fi; B. about 8 fi; striae 12 in 10 

This species is one which has never been found on the higher levels of the 
marsh. It is possibly frequently overlooked, as only isolated specimens occur. 

40. N. ramossissima Ag. (Schizone^na rammsissima Ag.). 

Canvey. B. Also in pan with Mdosira, i, vi. Fig. 18, .9, 10, 

This species was only observed on two occasions, but may perhaps have 
been overlooked. In both cases it was present in some abundance. The 
specimens found in a pan in January, 1930, had their striae slightly radiate and 
seemed to approximate to the var. setaceum in V. H. (49, p. Ill, t. 15, f. 13). 

41. N. spuria Cleve in Peragallo, 1897, p. 92, t. 12, f. 5. 

Canvey. A, and B. No seasonal variation indicated. 

Ynyslas. B, and C. No seasonal variation indicated. Fig. 21, t5, 

L. about 74/i; B. about 12^; striae 8 or 9 in 10^, 

This seems to be a somewhat uncommon species. It never occurs in 
quantity and seems to be restricted to the marginal zone. At Canvey it was 
only once found at a higher level than the Aster- Salicornia zone, when, at the 
time of a spring tide, it occurred in the Glyceria zone ; possibly it was deposited 
there by the receding tidal water. At Ynyslas it was only observed as a rare 
specimen on two occasions. This species is known from the Mediterranean 
region, but so far as I know it is a new record for this country. 

42. N. humerosa Br6b. in Peragallo, 1897, p. 146, t. 27, f. 20. 

Canvey. A. No seasonal periodicity indicated. 

Ynyslas. A, and F. No seasonal periodicity indicated. 

L. about 47^; B. about 23^; striae 10 in 10 /x. 

This form, observed on five occasions, is always very rare. 

43. N. Baileyana A. S. in Peragallo, 1897, p. 148, t. 27, f. 12, 13. 

Ynyslas. In channel and in full pan, vi, vii. 

This is a very rare species, only observed on two occasions, in a rather moist 
situation. 

44. N. abrupta Greg, in Peragallo, 1897, p. 132, t. 21, f. 35-37. 

Canvey, B. vn. 

Ynyslas. B, C, P, and F. vi. , 

Although this species was observed on several occasions, it was always 
very rare. It seems to prefer the higher zones of the marsh, and the summer 
months of the year. 
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46. N. formosa Greg, in Cleve, i, 1894, p. 57 {N. Liburnica Grun. in V. H., 
1880, p. 102, t. 11, f. 3). 

Canvey. B, C, and E. m-ix. 

Ynyslas. B, C, D, and F. i-vn. Fig. 19, 2, 3. 

L. about 80/4; B. about ISfi; striae about 13 or 14 in 10/4. 

This form is very common at certain times of the year. It is most abundant 
in the Aster-Salicornia zone at Canvey, where it is often dominant and some- 



Fin. 19. Diatoms found in tlie upper zones of the salt marsh {Aster-Salicornia zone and zones 
higher), i, Navicula peregrina Ehr.; 2, 3, N, formosa Greg.; 4, N. mutica Kiitz.; 5, Nitz^chia 
ohtusa W. Sm. var. scalpelliformis Grun.; 6*, Navicula constricki Grim.; 7, N, interrupta Kiitz.; 
8, NitzscJtia intercedens Grun. 1 and 2, x 613; all others, x 1070. 

times pure. It was never foimd at a lower level than the Aster-Salicornia zone, 
although it was often present in less quantity at higher levels. It was also 
found at the margins of the dry muddy bottom of an empty pan. 

At Ynyslas it was never found in such great quantity, and here also it was 

rarely present below the A rmeria zone. 

This is one of the forms with a spring and summer maximum. It was 
almost entirely absent from October to February, both at Canvey and Ynyslas. 
In March it became very abundant at Canvey in the Aster-Salicornia zone, 
remaining so until September. 
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Some difficulty was experienced with the identification of this species, 
owing to the longitudinal lines being invisible. I am very greatly indebted to 
Mr McCall of Dundee for referring it to this species. 

46. N. hemiptera Cleve, ii, 1894, p. 85. 

Canvey. A (local), ix. Fig. 17, 7, 8. 

L. about 57-68 /x; B. about 11/li; striae 8 or 9 in 10 /x. 

This species was only observed on one occasion, when it occurred in some 
quantity as local brown patches on the marginal mud with N, pygmaea and 
N. cincta var. henfleri. As far as I know it has not previously been recorded for 
a marine habitat. According to Kolbe (32), it prefers less than 0*5 per cent, of 
salt, which is peculiar in view of its occurrence at the margins of the Canvey 
marsh. 

47. Scoliopleura tumida (Breb.) Rabenh. 

Canvey. A, B, and C. All the year round. 

Ynyslas. A, and C. All the year round. Fig. 24, 5-7. 

L. about 100 /x; B. about 22 /x; striae 13 or 14 in 10/x. 

This is a form which prefers the lower zones of the marsh, being only once 
observed above the Aster-Salicornia zone at Canvey and only once above the 
Armerietum at Ynyslas. Like Navicula formosa, it has a decided spring and 
summer maximum, being usually very abundant from March to September. 
In the winter months it does not disappear so completely as Navicula formosa, 
and may persist in very slight quantity, especially on the marginal mud. It 
has been found in the dry mud at the margins of a pan at Canvey, and also in 
the plankton of a full pan. 

Superficially this species shows some resemblance to N.formosa, from which 
it is readily distinguished however by its twisted frustules and the more 
definitely punctate nature of its striations. The two species differ in their dis- 
tribution on the marsh, N. formosa preferring the Aster- Salicornia and higher 
zones, and Scoliopleura, the Aster-Salicornia and lower zones. In the Aster- 
Salicornia zone they are often very common together. 

48. S. latestriata (Breb.) Grun. 

Canvey. A. No seasonal variation indicated. Fig. 24, 3, 4. 

This species was usually exceedingly rare and very restricted in its distri- 
bution on the marsh. Its usual position is in the moist marginal mud, and it 
was once observed in the plankton of a pan. 

49. Stauroneis septentrionalis Grun. in Cleve, i, 1894, p. 146. 

Canvey. A, B, C, and E. vi-ix. 

Ynyslas. C, D, and F. i, iii, vi. Fig. 15, 8-11. 

L. 20-28 /x; B. 5-6 /x; striae 30 in 10/x. 

The specimens were usually more finely striate than normal, since Cleve 
gives 23 in 10 fx. The form of the frustule, with its nearly parallel sides, approxi- 
mated somewhat to the figure of S. salina in Peragallo (39, t. 7, f. 22), but the 
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stauros is different, and the striation is much finer. The width of the stauros 
varies, even in the two valves of the same individual (cf. Fig. 15, 8, 9), being 
sometimes very narrow and sometimes quite broad. 

This form is obviously characteristic of the upper zones, never being found 
below the Armerietum zone at Ynyslas, and only once below the Ast'ir- 
Salicornia zone at Canvey. It is a feature of the Ohione and Ghjceria zones at 
Canvey, and the Juncetum zone at Ynyslas. At Canvey it appeared to be a 
late summer form, but at Ynyslas this was not apparent. 


A /? 



Fig. 20. Diatoms common in the lower zones of the. salt marsh {AAl(‘r-S(illc(>i nla zone and lower), 
i, NavicuUi kincevlaUi Kiitz. var. phyllcpta {Kuiz.) Clay a ; 2, N. (Diimophila (Jriiii. \iii\ JIanalica 
(jrrun. ; 5, Nitzschia obtusa W. 8m. var. nana Grun.; 1, N. Clav^mi Hantzsch; 5, Navicida 
Bombus Ehr. All x 1070. 

50. S. Gregorii Ralfs in Peragallo, 1897, p. 56, t. 7, f. 25, 26. 

Canvey. A. Also in plankton of a pan. No seasonal variation. Fig. 24, 1, 2, 

L. 38-100 ft; B. 7'5-17/i; striat. 20 in 10/x. 

The species is never represented by a large niimlier of individuals, but is 
not infrequently encountered in the marginal regions, indicating a preference 
for the moister habitats. 

51. Pleurosigma angulatum Queck. Fig. 22, 3, 4, 

var. quadratum (W. Sm.) Peragallo. 

Canvey. A, and B. xi -in. 

Ynyslas. In d6bris around pan. xi. Eig. 22, 5, 6. 

This species, like Gyrosigrrui haUicmn and Siirirella gmwia, is restricted 
almost entirely to the open stretches of bare mud, being rarely found even as 
high as the Aster- Salicornia zone. It is very abundant at the margins of the 
marsh at Canvey, where it often forms, with S. gemma, a distinctly visible 
brown film, extending also into the floors of all the smaller channels. It reaches 
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its highest development in November-March, and is very rare in the summer 
months. It has also been found in the plankton of a pan. It is one of the most 
conspicuous forms at Canvey, where it occurs in several forms, some indi- 
viduals being typical in size and form, 240 x 50/x, whilst others agree with 
var. quadratum in their relatively wider frustules, 190 x 50/x. Very often in 
the marginal mud, considerably smaller individuals of the quadratum type 
occurred among the larger individuals. These small specimens were only half 
the size of the more numerous large ones, measuring about 95 x 28/x (Fig. 22, 6), 
There were no intermediate specimens between the large and small forms. The 
striation of the type form and the small quadrate form is about 22 in lO/x, of 
the large quadrate form, 18 in 10/x. 

At Ynyslas the species was only observed once, occurring with Gyrosigma 
Spenceri and other forms in some quantity in a scum left around each pan as 
a result of overflowing after an unusually high tide (November, 1927, cf. 
Carter ( 9 ), p. 370). 

52. Gyrosigma diaphanum in Cleve, i, 1894, p. 115, ii, t. 1, f. 6. 

Canvey. A, B, and D. xi-m, rare inWiii, ix. 

Ynyslas. Bottom of pan and in channel, vii. Fig. 22, i, 2, 

L. about 100 /I ; B. about 20 /x; trans. striat. 30 in 10/x. 

This is another species which prefers the soft mud of the lowest zones. At 
Canvey it was rarely found higher than the marginal region, and at Ynyslas, 
where it was much rarer, it was only found on bare mud. On the Thames 
marsh it sometimes became very abundant, especially in the winter months; 
in the summer it was not so frequently found. The striation of this species is 
very fine and not easy to see. The longitudinal striae are even finer than the 
transverse. 

53. G. attenuatum Kiitz. var. scalprum Gail, and Turp. 

Canvey. A, B, and 1). All the year round, but rare ix-iii, common vii, viii. 

Ynyslas. Bottom of pan. vn. Fig. 24, S, 9. 

L. 125-160 ft; B. 20-22 fi; trans. striat. 20 in 10/x; long, striat. 17 in 10/x. 

This species has a decided preference for the lowest zones and the moister 
habitats, being rare even in the Aster-Glyceria zone, though very common in 
the marginal and Aster- Salicornia zones, especially in the summer months. 

54. G. litorale W. Sm. 

Canvey. A, B, C, and D. All the year round, but commoner ix-ui. 

Ynyslas. In channel, vn. Fig. 21, 6 , 7, 

L. about 115ft; B. about 23ft; long, striat. 8 in 10ft; trans. striat. 18 or 19 in 10ft. 

This is a species inhabiting the marginal mud more particularly, being rare 
in the Aster-Salicornia and -higher zones, though it may become frequent in the 
moister parts of the Aster-Glyceria zone. It never reached the abundance of 
some of the other species of Gyrosigma, however, although it was very frequent 
in winter. In summer it was always rare. 
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56. G. Fasciola Ehr, {Pleurosigma Fasciola W. Sm.). 

Canvey. A. i-m. 

L. about B. about 15^; long, striat. 20 in 10,^; trans. striat. 22 in lO/x. 


This is not a common form and is only found as rare individuals in the 
wintBr montiis, in th6 diatom film on the marginal mud. 



Fig. 21. Diatoms abundant in, and mainly restricted to, the marginal mud, and persisting all the 
year round, i, 2, Gyrosignm baUicum Ehr.; 3, NUzsrhia amminaia W. Sm.; 4, Navicuh. 
pygtnaea Kiitz.^; ,5, N. spuria Cl. ; 6*, 7, Qyrosigma litoralp W. Sm. ; 8, Nilzsrhia apiculata Grcg.i; 
9,10,GyrosigfnaWa7i8beckii(\)imk.)C\e\e,lJ)iiufi9, x 320; 2,1 and 10 , x 1935; all others, x 903 


56. G. Spenceri W, Sm. 

Canvey. A, B, C, D, and E. All the year round. 

Ynyslas. C, and F. All the year round. Eig. 16 J 6. 

L. 67-102 /Lt; B. S- I2p; long, striat. 25 in 10/x; trans. striat. 20 in lO/t. 

This is a very common species and often o(*curs in great numbers. It is 
particularly characteristic of the drier zones such as the Obione and Glyceria 
zones at Canvey and the Juncetum zone at Ynyslas. At Canvey, however, it 
was common also at the margins of the marsh, and it often occurred on higher 

^ Not restricted to the margins of the marsh, but more abundant there than elsewhere. 



192 


Alga Flora of Two Salt Marshes 

hummocks of accumulating silt in the channels. It is frequent all the year 
round, but tends to become especially abundant in summer. The most striking 
record for this diatom was at Ynyslas in November, 1927, when after a very 



-Fio. 22. Diatoms more abundant at the margins of the salt marsh, and in the winter months. 
7, 2, Gyrosigma diaphanum Cl.; 3, 4, Pleuromgma angulatum Queck. ; 6', P, angukiium var. 

quadraturn (W. Sin.) Per.; 7, Namciila digiio-radiata Greg. var. cyprinus (Khr.) W. Sm.; 8, 
Nilzschia rigida Kiitz. ; 9, 10, Gyrosigrrm Fasciola Ehr. ; 11, Surirella ovalis Br6b. var. ovaki 
Kiitz.; 12-14, S, gemma Ehr. 3, 5 and 6', x320; 2 and 4 x 1935; 1, 9, 12 and 14, x552; all 
others, x 963. 


high tide, it was very abundant in a brown scum deposited on the turf around 
each pan at the level at which the water had stood (cf. Carter ( 9 ), p. 370). 

Gyrosigrmi Spenceri closely resembles G. Wansbeckii, from which it is dis- 
tinguished, however by several features. 
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57. G. scalproides Rabenh. var. eximia Thw. {Pleurosigma eximia (Thw.) 
V. H. ; Colletonema eximia Thw.). 

Canvey. A, C, 1), and E. All the year round. 

Ynyslas. F. Fig. 18, 1, 2. 

L, about 68 /z; B. about 10 /m. 

This species is especially charac^teristic of the higher and drier zones, often 
being an important constituent in the Ohione and Glyceria zones at Canvey, 
and the Juncetum at Ynyslas. It is rarely found below these levels, except at 
Canvey, where it is common on the hummocks which rise above the general 
level of the mud in the channel as a result of accretion. Occurring in tubes, it 
must be a very important form in helping to stabilise the surface oi the soil. 
No doubt it is fulfilling this role when growing on hummocks in the channel, 
or on soil at the margins of the channel. Although present all the year round 
it seemed to be more abundant in summer. 

58. G. balticum Ehr. (Pleurosigma balticum W. Hni.). 

Canvey. A. Also in plankton of pan. All the year round. Fig. 21, i, 2. 

L. about 220 /Lt; B. about 30 /z; trails, striat. 16 in 10/x; long, striat. 18 in lOft. 

This is a species very characteristic of the soft marginal mud, being almost 
entirely restricted to these moist regions. It never occurred in great quantity, 
merely as isolated specimens. No definite seasonal variation is indicated. The 
more sandy stretches at Ynyslas are apparently not attractive to it, as it was 
never found there. 

59. G. Wansbeckii (Donk.) Cleve (Pleurosigma balticum W. Sm. var. Wans- 
beckii Donk.). 

Canvey. A, B, and 11. No aeaaonal variation. Fig. 21, .9, 10, 

L. about 150 /a; B. about 18/z; trans. and long, striat. about 20 in 10/z. 

This is a very frequent species at Canvey, where it often occurs in great 
quantity. It is very abundant in the marginal regions, preferring the soft wet 
mud of the unvegetated zones. It was never fomid above the Aster- Salicornia 
zone, but occurs in the Astcr-Glycerm zone, which is often very wet and soft. 
G, Wansbeckii is easily confused with G, Spenceri, but careful study differen- 
tiates between the two. Moreover, there is an ecological difference, G, Wans- 
beckii having a preference for the lower zones, whilst G, Spenceri prefers the 
upper zones, although the last species sometimes becomes quite abundant in 
the marginal mud. 

Cymbellaceae. 

60. Amphora Proteus Greg, in Cleve, ii, 1894, p. 103 ; Peragallo, 1897, p. 200, 
t. 44, f. 21. 

Canvey. A, B, C, and D. All the year round. Fig. 23, 1~1, 

Small form: L. about 23 /z; B. about 7 fx (valve); striae 20 in 10 /z. 

Large form: L. about 57 /z; B. about 10/z (valve); striae 11 or 12 in 10/z. 

Both forms are general in the lower and moister zones, and in the standing 
water of pans. In the latter habitat they were once found in great abundance 
in June. 
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There is some doubt whether these two forms, between which no inter- 
mediate individuals were found, really belong to the same species. In fact at 
first the small form was referred to A. pusio Cl. var. parvula Floegel (Pera- 
gallo (39), p. 199, t. 44, f. 10), with which its dimensions exactly agree, the 
larger form corresponding with A. Proteus. If this is the more correct view, 
there would seem to be few sharp distinctions between the two forms. Apart 
from its larger size, A. Proteus is supposed to be distinct by virtue of the fact 
that its striations are interrupted in the valve view. A difficulty arises since 
individuals with the dimensions and striae of A. Proteus, but in which there 
is no interruption, are frequent; again, specimens with the dimensions and 
striations of A . pusio var. parvula, but in which there is a distinct interruption 
in the striae in the valve view, are also frequent (Fig. 23, 3). It would therefore 
seem that the presence of the interruption is not a good specific character of 
A. Proteus. The question arises whether A. Proteus and A. pusio var. parvula 
should be retained as forms distinguished by differences of size and strength 
of striation, the presence of the interruption being regarded as an unimportant 
variable feature, or whether they should be merged as forms of the same species. 
Believing that the finer striation of the small form is only the natural result of 
its smaller size, the writer has chosen the second alternative. 

61. A. lineolata Ehr. forma. 

Canvcy. A, B, and D. Also in plankton of pan. vi ix. 

Ynyalas. B, and D. In small channel, iii, vii. Fig. 23, 6-10. 

L. 28-46 B. (valve) 6-1 2 /x. 

This form is one which has a conspicuous summer maximum. It is found 
especially in the lowest zones, and often forms, in warm weather, distinc'-t areas, 
bright brown in (colour and several inches in diameter, on the surface of the 
mud. Samples taken from such areas at Canvey revealed an almost pure 
growth of the tiny frustules of this species. The areas are somewhat local, 
occurring as small groups of circular spots. In the winter such areas would 
be much more extensive and would consist of Pleurosigma angulatuni and 
Surirella gemma. The Aster- Salicornia and lower zones at Canvey seemed 
to be a very favourite habitat for this diatom; at Ynyslas it was sometimes 
found, but not in such great quantity. 

The identification of this species presented some difficulties. The view one 
usually gets is like the girdle view of a Navicula, and it is only after very careful 
study that the slightly bent raphe, which decides that it is a form of 
Amphora, can be distinguished. Often the lateral margins of the girdle 
view are nearly parallel, a feature which has probably often resulted in con- 
fusion with Navicula complanata Grun. Furthermore, since the frustules are 
so very slightly silicified, they become very distorted in the processes of pre- 
paration and perfect examples are not easy to find. Sometimes individuals 
with convex margins in the girdle view are found, and the structure of the 
valve is best seen from these. A true valve view is almost never seen except in 
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untrBated material. The dorsal side of each valve has very fine striations about 
25 in 10^. The ventral aide is also striate in the same way. The girdles are also 
striate, the dorsal girdle being less finely striate than the ventral. The dorsal 
girdle had finer longitudinal striations than stated either in Cleve (10, ii, 
p. 126) or Peragallo (39, p. 225, t. 1, f. 23), who both give 10 in lO/a. The 



Kio. 23. Diatoms abuiKiaiit at tho margins of th(‘ salt marsli ami in the siirnmer months. / 
Arnphora Pro(eu.s Greg.; 5-10, A, limohUa Ehr. forma. 1-6, x 951; 7-10, x 1910. 


present individuals showed about 17 in 10/x on the dorsal girdle and the ventral 
girdle where present showed about 30 longitudinal striations in 10/x. The valve 
view is almost straight on the one margin, and convex on the other, with 
somewhat bluntly roimded ends. 

This form seems to differ from typical Am/phora lineolata in the finer 
striation of its girdles and in its relatively narrower frustules. The above 

13-2 
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measurements were taken from perfect frustules. Individuals which have 
collapsed during preparation frequently have a much greater breadth and 
much more convex margins in the girdle view than the untreated individual. 
Such specimens were ignored. 

62. Rhopalodia musculus Kiitz. var. producta Grun. in Peragallo, 1897, 
p. 303, t. 77, f. 23, 24. 

Ynyslas. C. vi. 

L. about 15 /la; B. about 4 /a. 

This is a tiny species which seems to be quite rare, as it was only observed 
on one occasion. The apices are not quite so acute or curved as figured by 
Peragallo. 


Nitzschiaceae. 

63. Nitzschia navicularis^ Breb. 

Canvey. A, B, and C. No seasonal variation indicated. 

Ynyslas. 1), and F. Also in channels. No seasonal variation indicated. Fig. 15, 7. 

L. about 42 /x; B. about 15 /a; striae 7 in 10 /a. 

This is one of the most frequent representatives of the genus though it 
never approaches N, rigida in abundance. It is not sharply limited to the lower 
zones but was only once found in quantity in the Juiu^etum zone at Ynyslas, 
and this was after a very high tide. There is therefore some indication that it 
prefers the lower levels. 

64. N. punctata (Sm.) Grun. in Peragallo, 1897, p. 267, t. 69, f. 23. 

Canvey. A, B, and 11. All the year round. 

Ynyslas. In small channel and in pan. 

L. about 50 /a; B. about 18 /la; striat. 9 in 10/a. 

This species prefers the moister and lower zones. It never occurs in great 
quantity, but is an occasional constituent of most marginal samples. 

var. coarctata Grun. in Peragallo, 1897, p. 268, t. 69, f. 26, 27. 

Ynyslas. Large moist channel. Common, vii. 

65. N. apiculata Greg. 

Canvey. A, B, and E. Also in plankton of pan. All the year round, but more abundant 
in summer. 

Ynyslas. J), and F. Also in chamiel. Fig. 21, 6\ 

L. 23~30/la; B. about 6 /a; striat. 20 in 10 /a. 

This species seems to have a wide distribution on the salt marsh, not being 
restricted to any zone. It never occurs in great abundance, however, except 
in the moister habitats, such as the margins of the marsh, in channels and in 
pans, and it increases in quantity in summer. The “sillon” in the middle of 
the valve seems to vary in its breadth, although it is never as wide as in the 
larger species N, acuminata, with which N, apiculata often occurs. 


1 In listing species of Nitzschia, the order given by Perag‘allo (39) has been adopted. 
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66. N. acuminata W. Sm. 

Canvey. A, B, and I). Also in plankton of pan. All seasons. 

Ynyslas. In channel and in pan. 21, 3. 

L. about 80/x; B. about striae 13 in 10/it. 

This is a marginal form which seems to require soft mud, and is rarely 
found higher than the Aster-Salicornia zone. At Ynyslas conditions for its 
development are only found in the small muddy channels and in the mud at 
the bottom of pans. It is not often present in great quantity. 

67. N. bilobata W. Sm. var. minor (Truri. 

Canvey. A, C, and E. All seasons. 

Ynyslas. D, and F. 12 , 

L. about 90 -95/x; B. about 35 /x; earinal dots 9-8 in 10 /x. 

This species seems to prefer the higher and firmer zones. At Canvey it was 
only once found in the marginal mud. It is quite frequent as an occasional 
constituent of the higher zones, though rarely found in abundance. 

68. N. paradoxa Grun. in Peragallo, 1897, p. 280, t. 72, f. IG. 

Ynyslas. Bottom of large channel. Common, vn. 

It is rather surprising that this species, known to he so frequent on salt 
marshes, was only enc.ountered once. The sample in which the specimens were 
found was collected after a long drought and yielded another form, N . pimcUila 
var. coarctata, which had not previously been collected on the marsh. 

69. N. lanceolata W. Srn. var. incrustans Grun. 

Canvey. D, and E. No seasonal variation iii(bcated. 

Ynyslas. 1). Fig. 19, JO, 

L. about 50 /x; B. about 13/x; earinal dots 5-9 in lO^i. 

This is obviously one of the species characteristic* of the firmer soil of the 
higher levels. It seems to be sporadic* in its occurrence, Init when present it is 
usually quite an abundant form, 

70. N. subtilis Klitz. 

Canvey. 1), and E. No Hcasonal variation indicated. I^^ig. 19, / 

L. 25 45/x; B. (valve) 3*5-4/x; (girdle) about 5/x; earinal dots 8-10 in 10/t. 

The examples of this spec*ies were rather sliorter than usually rc'corded 
(60-100 /X according to Peragallo (39), p. 286, t. 73, f. 15), but in all other 
respects they agreed very well. The species evidently prefers the higher zones 
of the marsh, where it was observed in great quantity, especially in summer. 
Its occurrence is somewhat sporadic. 

71. N. palea (Klitz.) W. Sm. var. tenuirostris V. IT., 1880, p. 183, t. 69, f. 31 . 

Canvey. E. No seasonal variation indicated. 

Ynyslas. F. No seasonal variation indicated. Fig. 16,7. 

L. about 50 /x; B. about 5g; earinal dots 12-14 in 10 /x. 

This is not a common form, having only been observed on three occasions 
in the present work, and never in great quantity. It seems to prefer the upper- 
most regions of the marsh. Kolbe (32) describes it as being '‘indifferent (see 
p. 172), and Schonfeldt (42, p. 159) states that it inhabits the mouths of rivers. 
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72. N. obtusa W. Sm. var. scalpelliforxnis Grun. 

Canvey. B, C, and E. No seasonal variation. Fig. 19. 

L. about 46 /Lt; B. about 5 /it; carinal dots 8 in 10 /x; striae 25 in 10 /a. 

This is a species which flourishes on the stretches of bare firm mud between 
the phanerogams of the higher zones at Canvey. It seems to multiply abun- 
dantly in such localities and often becomes the dominant diatom. Its occurrence 
is somewhat sporadic and no seasonal periodicity was indicated. It is not 
found on the softer mud of the channels. 

var. ? neuia Grmi. in V. H., 1880, p. 180, t. 67, f. 3. 

Canvey. B. viri, ix. Fig. 20, J. 

Valves about 30 x 4/x, very slightly sigmoid, carina slightly inflexed in the middle, dots 
14-17 in 10 /Lt, slightly irregular in arrangement, but not appreciably closer or more 
distant in the middle, striae very fine and close. 

This form was only observed on two occasions on the firm mud of the 
Aster-Salicornia zone. On both occasions, however, it was quite abundant, 
together with other species of NitzscMa, including N. Claussii, N. mtercedens 
and N. obtusa var. scalpelliformis. It seemed by reason of its slightly sigmoid 
valves and carina bent in the middle to fall into N. obtusa, but it differs from 
the var. nana of Grun., which is known from brackish waters, in its closer 
carinal dots (14-17 in 10/x instead of 10 or 11 in lO/ix). 

73. N. intercedens Grun. 

Canvey. B, C, and E. vi, ix. 

L. about 64/Lt; B. about 4*5/Lt; carinal dots 7 or 8 in 10^. Fig. 19, 8. 

This species, like the preceding ones, prefers the firmer mud of the upper 
zones, and it was often very abundant in the almost invisible diatom film which 
covers areas free from phanerogams and the larger algae. 

74. N. rigida Kiitz. {N, sigma W. Sm. var. rigida (Klitz.) Grun.). 

Canvey. A, B, C, D, and E. Also in the plankton of a pan. All the year round. 

Ynyslas. B, and F. Bottom of moist channel and pans. All the year round. 

Fig. 22, 8. 

This species, unlike most of the other species of Nitzschia observed, cer- 
tainly prefers the softer mud of the channels and margins of the marsh. In the 
upper zones of the marsh it is not infrequently encountered, but it always 
seems scarce in these localities, whereas in the marginal mud it often becomes 
exceedingly abundant, and may be the dominating diatom. At Ynyslas it 
finds its most suitable habitat in the softer mud of the pans and smaller 
channels, and may occur in quantity locally amongst the phanerogams of the 
Glycerietum. It is one of the most general diatoms occurring on the marsh, 
and is likely to be found all the year round. It has been found in quantity both 
in November and July, but on the whole, seems to be more abundant in winter 
than in summer. 

var. rigidula Grun. in Peragallo, 1897, p. 291, t. 74, f. 10, 11 (Y. sigma W. Sm. 

var. rigidula Grun. in V. H., 1880, p. 179, t. 66, f. 8). 

Canvey. E (only record), i. 
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76. N. Glaussii Hantzsch. 

Caiivey. R. Also on lump of Obione soil fallen in cLannel. No seasonal variation indicated. 
L. about 56f4; B. about Sju; carinal dots 12 in 10/x. p'ig. 20, 4. 

When first observed this species was associated with Navicula scopulorum 

living on a large piece of the Obione soil which had been loosened by erosion 



Fia. 24. Diatonia abundant at the inarjL^ins of the salt marsli and in the sumnuu* months. 7, 2, 
Stauroneis Oregorii Ralfs; 4, Scoliopleum lale,stnaUi (Breb.) Orun.; 5-7, S. tuinhla (Br6b.) 
Kabenh.; 8, 9, Gf/rosigmd atUnuatum Kiitz. var. scalprum Gail, and Turp. ; 10, Nitzschia 
vpiiheniioidcs Grim. 2 and .9, x 11)10; 8, 5, 6 and 8, x545; all others, x 951. 


and had fallen into the channel several feet below. Although subjected to tidal 
submergence for several months, the sod remained recognisable for a time, the 
diatoms also persisting, but later it was washed away. Subsequently this 
diatom was found in much greater quantity amongst other species of the genus 
on bare mud in the Aster-Salicornia zone. 
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76. N. epithemioides Gran. 

Canvey. A, B, and D, Also in dry miid at the margin of a pan. vi, vm. Fig. 24, 10. 
L. about 35^; B. about 10 /x; carinal dots 9 in lOju-. 

This is a delicate species, only very slightly silicified, and because of this 
it may perhaps have been frequently overlooked. It is a peculiar fact that its 
records coincide with those of Amphora Uneolata on the marsh, also a very 
slightly silicified species. It prefers the softer marginal mud, and seems to be 
a summer species. There have been few previous records of its occurrence, and 
only some of these refer to marine or brackish localities. Peragallo’s specimens 
(39, p. 297) were taken from fresh water. In the present case it was never an 
abundant species, only occurring as an isolated specimen. 

77. Nitzschiella longissima (Br6b.) Ralfs var. closterium Ehr. forma, 
cf. V. H., 1880, p. 185, t. 5, f. 7, 8; Peragallo, 1897, p. 293, t. 74, f. 15. 

Canvey. Plankton of pan. viii. 

Ynyslae. Plankton of pan. vii. 

L. about 90 fi; B. about 4/x; carinal dots 18 in 10/u. 

The accounts of this species are somewhat confused. Van Heurck gives in 
his description “longueur moyenne 260-320/x,” whilst the specimens figured 
by him range from 30-112)ut in length. Peragallo gives length 26 -140f4. The 
species was not observed on the general salt marsh, only developing in re- 
cognisable quantity in the warm water standing in pans in summer. Kolbe ( 32 ) 
describes it as “mesohalobic.’’ 


SURIRELLACEAE. 

78. Cymatopleura elliptica Br6b. 

Canvey. A. Very rare Only record, i. 

L. about 90 /Lt; B. about 43 /x. 

79. Surirella Comis A. S. in Peragallo, 1897, p. 249, t. 59, f. 7. 

Canvey. D. Common. Only record, viii. 

L. about 53 /x; B. about 43 /x. 

80. S. gemma Ehr. 

Canvey. A, and B. All the year round. 

Ynyslas. In small channel. Fig. 22, 12-14. 

Large form: L. about 150/u; B. about 54 /x. 

Small form; L. about 66 /x; B. about 30 ju. 

This species, like Pleurosigma angulatum. var. quadratum seems to occur in 
two forms, differing in size, which are not connected by intermediate forms. 
Both forms are restricted to the lowest regions of the marsh, inhabiting almost 
exclusively the softer mud at the margins of the channels and becoming very 
abundant in some of the smaller ones. They also frequently form a dark brown 
gelatinous film where drainage water from the higher levels of the marsh 
trickles out, often by way of subterrianean channels, into the main channels. 
It is a decided winter form, reaching its greatest abundance January-March, 
when it forms a conspicuous brown stratum on the surface of the mud in all 
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channels. It is sometimes to be found, though usually in very small quantity, 
in the summer months of the year. The conditions necessary for its develop- 
ment seem rarely to be realised at Ynyslas. 

81. S. ovalis Breb. var. ovata Kiitz. 

Canvey. A, D, and E. ix -iii. 

Ynyslas. B. In large channel and bottom of full imn. In debris around pan. TX^ni. 

This species seems to be more common in the lowest zones of the marsh, 
although even there it is not abundant. It is very rare above the A st r-SaUcornia 
zone. Its restriction to the lowest zones is also revealed in the records from 
Ynyslas. It seems to be a winter species; there was only one record for it in 
July, on which occasion it was very rare. This is a common freshwater species, 
and it is stated by Kolbe ( 32 ) that it is ‘"indifferent” (see p. 172). 

CHRYSOPHYCEAE. 

Conrad ( 12 ) has described a number of organisms ])elonging to this group 
from brackish waters in Belgium. Only one representative, however, has been 
observed during this investigation. The conditions on the marshes, at any rate 
in the parts under consideration, are undoubtedly too disturbed for the 
development of these organisms, since nearly every zone is iniuidated at fort- 
nightly intervals and sometimes more frequently still. The solitary representa- 
tive was found as a plankton organism in ])ans of standing water m summer, 
evidently stimulated to develop in some abundance by the warmth of the 
water, and the temporary lack of tidal disturbance. Possibly in less disturbed 
brackish habitats, our flora would be as rich as Belgium in these organisms. 

82. Hymenomonas coccolithophora Mass, and Conrad in Conrad, 1926, 
p. 198, f. 15 {Pontosphaera coccolithophora Schiller, 1931, p. 192). 

Canvey. Plankton of pan in Glf/ceria zone, v in. 

Ynyslas. Plankton of pan in Ghfcerid zone, vi, vii. 

EUGLENINEAE. 

83. Euglena limosa Card. 1919. 

Canvey. A. All seasons. or 7 q 

Ynyslas. A. All sc^asons. rig. -o, 7 - . 

This species was observed in quantity on the soft mud especially at Canvey. 
it seemed to be most abundant in November- J anuary . Recently an exhaustive 
analysis of the factors controlling the appearance of this organism on the banks 
of the River Avon at Bristol has been published by Bracher (7). Information 
from that source indicates that the numbers of Euglena tend to go up in May, 
and that during the greater part of the summer the organisms are present to 
the amount of 75-86 per cent, of their maximum development. It was im- 
possible to compare the occurrence of Eiiglena at Canvey with this periodicity 
described by Dr Bracher, since in the present case Euglena does not occur in 
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such abundance as on the Avon. Undoubtedly Dr Bracher had ideal conditions 
for studying the periodicity of Euglena on the Avon banks, where it forms 
conspicuous stretches of almost continuous green for long distances along the 
river bed, whereas at Canvey, at its highest development, it is only represented 



Fig. 25. 1 3, Eugleiia limom (vard. In 1 the striation of the periplast is only indicat;ed in one 
spot; 4-6 f PJiaeococrus adnalus (Nag.) West, 1, x 1070; all others, x 


by small isolated green patches which might easily be overlooked in the field 
and give the impression, of sporadic appearance. Euglena was observed on a 
few occasions at Ynyslas, but it was very much rarer than at Canvey and was 
not often visible in the field. Certainly neither at Canvey nor at Ynyslas does 
Euglena play such an important part as it does on the banks of the Avon. 
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Having had the opportunity, owing to the courtesy of Dr Bracher, to 
examine the Avon material, the writer is entirely in agreement with her that 
the form which occurs in the Avon bed and also at Canvey and Ynyslas, is 
identical with E. limom described by Gard (19, 20). The same form has also 
been observed by the writer from other brackish localities around our coasts. 
Unfortunately Gard’s description is not accurate, particularly with reference 
to the chloroplast, which is not a network, as he believed, but is really com- 
posed of a number of plates, separate from each other and with their margins 
frequently turned over (Fig. 25, /). Each plastid contains a pyrenoifi with two 
distinct lens-like portions to its sheath, and the protoplast is full of rod- 
shaped paramylum granules. Owing to the dense nature of the protoplast, it 
is not easy to make observations on the organism, but by the careful examina- 
tion of favourable individuals, having little paramylum and less pigmentation, 
such as one encounters occasionally in looking through abundant living material, 
the true nature of the plastids can be made out with ease. The study of such 
occasional favourable living individuals is far more convincing than prepara- 
tions of fixed and stained material. Thus it &eems proved that so far as its 
plastids are concerned, E, limom resembles E, deses, a species with which it 
has previously been confused (Bracher (6)). Gard believed that the plastid of 
E, limosa was one of the most important features distinguishing it from E. deses. 
Although resembling the latter species in its plastids, however, E. limosa is still 
distinct from it in several other features, namely (1) absence of flagellum, (2) 
nature of the sheath of the pyrenoid, and (3) absence of short point at the 
distal end. 


CRYPTOPHYCEAE. 

84. Phaeococcus adnatus (Niig.) West in Cotton, 1912, p. 82 {Gloeocyslis 
adnata Nag.). 

('anvev. Escarpment between C and E. All seasons. 

Ynyslas. Marginal and inland escarpments, and around the margins of pans; amongst the 
turf in C, 1), E, and F. Eig. 25, 4 6. 

This alga is imperfectly known, as it has not been figured in recent times. 
Its true systematic position will be uncertain until its lilc history is fully 
worked out. Pascher (37, p. 528) has instituted a new genus of Chrysophyceae, 
Apistonema, to include another alga previously ascribed to PhaeococcMs {P. 
dementi Borzi), and a second species, Apistonema has recently 

been described (Pascher (38)). In its tendency to form short filaments, Phaeo- 
coccus adnatus is very reminiscent of the last, and it is possible that future 
work will prove it to be another member of the genus Apistonema (cf. Fig. 25, 4). 

The alga was more common at Ynyslas, where it seemed to choose localities 
not too frequently inundated by the tides. It rarely occurred in great quantity, 
but was a frequent constituent of algal masses in the upper zones. Cotton (14) 
found that this alga formed a very characteristic stratum on vertical peat 
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banks at Clare Island. On the Welsh marsh it was never macroscopically 
visible, occurring usually as a subsidiary form amongst other algae. At Canvey 
it was only found on a few occasions. 

PHAEOPHYCEAE. 

A considerable amount of work has already been done on the salt marsh 
Phaeophyceae (see Baker ( 2 , 3 )). It is a rather peculiar fact that very few of the 
forms described by Baker occur either at Canvey or Ynyslas. The great masses 
of fucoid growth described by that author in the Salicornia marshes at Blake- 
ney, and the allied forms reported to be associated with Glyceria and Armaria 
turf at Clare Island (Cotton ( 14 )) are entirely wanting in the two marshes 
described here. Apart from somewhat transitory growths of Phaeophyceae in 
the marginal zones of both marshes in spring, the Juncetiim at Ynyslas is the 
richest habitat. At Canvey, salt-marsh fucoids have not been observed at all, 
and at Ynyslas, although they occur on brick walls and on soil near the outlets 
of various streams running into the estuary, they do not form part of the true 
salt matsh vegetation except in a limited part of the Juncetum zone. It is 
stated, however, by Baker ( 3 , p. 373) that fucoids disappear in well established 
saltings. This may account for their absence in the present instance. 

Ectocarpaceae. 

Forms representing this family were not infrequent on both marshes, but 
the greatest difficulty was experienced in identifying them. It seems probable 
that two species are represented, Pylaiella litoralis (L.) Kjellm. and an un- 
named species of Ectocarpus, I am greatly indebted to Dr Margery Knight 
for very generously devoting considerable time to samples of these algae. 
She reported that in most cases accurate identification was impossible, since 
in practically every instance only the basal creeping part of the plant was 
represented, and the specimens, far from growing luxuriantly, were only just 
existing in the salt-marsh habitat. 

In morphology, the algal filaments were about 20-30/x in diameter, the 
cells were usually about as long as broad, or sometimes shorter or up to twice 
as long. The form on the Canvey marsh was usually unbranched or only 
sparsely branched, as were also the plants from the higher zones at Ynyslas. 
The marginal escarpment of the latter marsh, however, produced specimens 
richly branching and with attenuated branches. There was usually a rhizoidal 
basal attachment poor in plastids and often richly branched. The vegetative 
part of the plant consisted of cells possessing a number of small discoidal 
plastids, which were sometimes drawn out into ribbon-like bands. A nucleus 
was often visible in a transverse bridge of protoplasm stretching across the cell. 

On both marshes the algae were most prominent in early spring, though 
fragmentary samples have been collected in October and they may be repre- 
sented in some quantity even as late as July. In late winter and in spring. 
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however, the margins of the marsh were frequently festooned with abundant 
brown filaments, clinging together in masses of considerable thickness. At 
Canvey, it was chiefly the Aster-Salicornici zone which was affected, the small 
escarpment between this and the stretch of marginal mud being clothed with 
the brownish covering. In January, 1928, the Aster- Salicornia zone itself 
showed areas of considerable size of a brown alga, almost pure. In the follow- 
ing March, this became overgrown with Enterammpha (see Carter (9), p. 357). 
Very rare fruit showed that the alga in question was an Eclocarpus, but 



Fig. 26. 7, ? Pflvetia c.aymliailata Dccne et Thur. eoad muscoides Skrine, x8; 2, Calenelh opuntia 
Good and Wood, x 6; 3, Bostrychia scorpioides Mont., a small plant attached to stem of 
Obione, x 5. 


Dr Knight said it was not possible to name the species. Filaments of a brown 
alga were also rare in the Obione and Aster-Glyceria zone, but not in the 
Glyceria zone. 

At Ynyslas the marginal escarpments seemed to be the chief habitat of 
brown algal festoons. This produced rare fruit in May, 1928, and Dr Knight 
was able to identify it as Pylaiella Utoralis. This form was abundantly branched, 
with piliferous branches. Fragments of the unbranched form such as was 
found at Canvey were occasionally observed in the Glycerietum and Jimcetum 
of the Ynyslas marsh, and in August, 1928, specimens from the Juncetum 
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showed rare plurilocular sporangia which again proved the alga to belong to 
the genus Ectocarpus. 

The evidence indicates, therefore, that at Ynyslas at least two algae be- 
longing to the Ectocarpaceae are represented, Pylaiella litoralis and an Ecto- 
carpus, whilst at Canvey only an Eclocarpus has been distinguished. At the 
same time it is quite possible that Pylaiella also occurs at Canvey, since in the 
absence of fruiting specimens it is impossible to distinguish the two forms. 

Sphacelariaceae. 

A brown alga was found to be fairly general in the Juncetum zone at 
Ynyslas, and also occasional on the upper margins of channels, sometimes 
being very pure and abundant locally, especially in summer. Its filaments 
were abundantly branched, about 25-40 p, in diameter, and the cells are 
iniiially about as long as broad, but subsequently show frequent longitudinal 
septation, except at the tips, where the large apical cell characteristic of this 
family could be distinguished. It formed a compact growth of upright tufts 
closely packed together. Dr Knight very kindly confirmed its being a member 
of this family, and suggested that it might be Sphacelarm radicans Harv. 

Fucaceae. 

The only representative of this family is a small alga which has a rather 
local distrii)ution on the Ynyslas marsh. It appears to be a form of Pehetia 
canaliculata Decne ct Thur. Dr J. S. Bayliss Elliott, who was studying the 
fungus flora of the marsh during the early part of this investigation, was the 
first to notice its occurrence and the fact was published in the following year 
by Skrine (43), the alga being identified with Fucus vesiculosus L. ecad mus- 
coides Cotton. Subsequently the alga was placed under the Pelvetia canali- 
culata as ecad rnuscoides of that species (Skrine (44)). 

The alga is to be found in the most typical part of the Juncetum zone. To 
the south of the area, where there is a certain amount of coarse grass amongst 
the Juncus plants, which are rather separated from each other, it does not 
occur. Although local, it seems to flourish and may even invade the grassy 
sward of the adjacent Glycerietum or Armerietum. The plants are erect, and, 
having no mechanism for attachment at the base, are merely imbedded in the 
soil (Fig. 26, J). No reproductive bodies or endophytic fungus were observed^ 
(cf. Sutherland (47) ; see also Part III). 

^ It is possible that a more prolonged search might have revealed the presence of the fungus, 
but the writer has not thought its absence sufficient evidence for removing the alga from Pelvetia 
canuliculatay since the examination of another undoubted form of this species, collected in the 
neighbouTing outlet of the River Leri at Ynyslas, also failed to reveal the presence of the fungus. 
At the same time the writer has suspicions that the alga from Ynyslas may be identical with that 
described by Cotton. It has been compared, both morphologically and anatomically, with Cotton’s 
original specimens from Clare Island, and no differences could be distinguished. The presence of 
the endophytic fungus does not seem to be a reliable test for distinguishing Pelvetia from other 
Fucaceae, and there does not seem to be any other way of identifying these marsh forms of Fucus 
or Pelvetia, 
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RHODOPHYCEAE. 

The Rhodophyceae are represented on the two marshes hy two species, 
Catenella ojmntia Good and Wood (Fig. 26, 2) and Bostrychia scorpioides Mont. 
(Fig. 26, 3), both already well-known salt-marsh algae. At Ynyslas, both forms 
are confined to the Juncetum zone, where they form short erect tufts about 
1 cm. high, clustered around the base of the Jmwus plants. At Canvey, 
Catenella is absent, but Bostrychia is considerably better developed than at 
Ynyslas, since it forms loose tangles several inches in diameter, resembling 
coarse black hair, loosely anchored on the Olnone plants of the Ohione zone or 
entangled around the grass haulms of the Glyceria zone. The lower zoiu's of the 
marsh are quite free from Bostrychia. 

An unnamed species of Porphyra is found at times on the lower parts of the 
marsh, esp(‘cial]y in the Aster- Balicornia zone, its membranous fronds stranded 
over other algae in such a way as to make it difficult to decide whether the 
plants are really growing there or whether they are left behind by a receding 
tide. On the whole the latter seems more likely. 
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A SUGGESTED EXPLANATION OF THE PREVALENCE 
OF VIVIPARY ON THE SEA-SHORE 

By a. a JOSHI, M.Sc. 

{Department of Botany, Benares Hindu University, India.) 

One of the most well-known and noteworthy features of the mangrove forests 
is the habit of germination of the seeds on the parent trees themselves, l)ut the 
exact cause of this prevalence of the viviparous habit on the sea-shore is not 
so well understood. In fact, recent work seems to shake our faith in all the old 
hypotheses, even though no recent worker has suggested any new one that 
would explain away the various oy>jectioiis against the older. Some of the recent 
workers have, however, expressed their inability to understand some points on 
the basis of the old theories (8). 

The old explanations of the prevalence of vivipary on the sea-shore can 
be easily grouped into two classes. According to Guppy (2), vivipary is a relic 
from the past, when this habit was the rule under the uniform climatic con- 
ditions then prevailing over the globe, while “ovipary” or what we regard as 
the normal germination of the seeds after detachment from the parent plants, 
is an adaptation to modern conditions which set in with the differentiation of 
climate. He thinks that the mangrove sw^amp still retains the climatic con- 
ditions once general over the globe, and for this reason one still finds the vivi- 
parous habit retained by a fairly large number of plants of that habitat. 

Guppy’s hypothesis, however, is open to strong objections and it has never 
been accepted by any large majority of botanists. Palaeobotany has nothing 
to say in its support. The belief in the uniformity of climate in early geological 
times, also, now seems to have lost foundation, and as Seward (6) says in his 
recent book, “It is inconceivable that the world can ever have had a climate 
that was uniform.” 

On the other hand, Schimper, Warming and Haberlandt regard vivipary 
as an adaptation to environment, providing the species mth a means for dis- 
persal, anchoring and establishment of the young plants (3, 4, 5, 7). This belief 
is based chiefly on the fact that the Rhizophoras, in which the phenomenon 
of vivipary is most remarkably displayed, were regarded by these authors as 
the pioneers of mangrove formations. The wide distribution of these, and of 
other mangrove species which show vivipary in less marked degree, and the 
supposed ability of the former to act as pioneers in starting new forests, was 
directly attributed to the viviparous habit. Later work, however, extending 
over several years by forest officers in Malaya, the Philippines and elsew here, has 
shown that the thesis based on earlier observations was not w^ell founded (1,8). 
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It had been based on short excursions to Singapore and its neighbourhood, 
a region which, according to Watson, ‘‘has suffered from chronic over- 
exploitation and constant interference with drainage.” 

In the mangrove forests of Malaya, it has now been shown that species of 
Avicennia and Sonneratia, and not the Rhizophoras, are the pioneers in the 
formation of new mangrove forests. Of these, the Avicennia is only semi- vivi- 
parous, while the seeds of Sonneratia are neither viviparous nor armed with 
any other anchoring device. Yet Sonneratia, says Watson, is the first to appear 
on many banks that “are often entirely isolated and may be some miles out to 
sea, the young trees being at first completely submerged twice daily, except 
during neap tides.” Watson has also shown that it is necessary for the banks 
to remain uncovered for several days before any form of land vegetation can 
develop and this affords ample time for even the non-viviparous seeds to ger- 
minate and fix themselves in the soil. These conclusions are entirely supported 
by Brown and Fischer’s work in the Philippines and also by that of Becking, 
Berger and Minderma^. These authors have shown that the silt deposits remain 
bare until they have attained very definite conditions of elevation and con- 
sistency, and that mangroves follow silting rather than cause it. 

Thus the viviparous habit seems to be of no particular importance to a 
species in enabling it to act as a pioneer by aiding dispersal and anchoring of 
the young plant; and its absence does not present any serious obstacle to the 
dispersal and establishment of a species under the peculiar conditions of the 
sea-shore. The only possible use of the habit in this connection would be an 
earlier start of the growth of roots in the soil : thus viviparous seeds would be 
theoretically better able to establish themselves on a tidal coast. In actual 
observation, however, there is no evidence of this. We find non-viviparous 
Sonneratias not only successfully competing with the viviparous Rhizophoras 
and Bruguieras, but actually superior to them in power of establishment on 
new silts. The latter can grow only on silt that has been enriched by the less 
exacting Sonneratias and Avicennias, even though they ultimately displace 
the pioneer species. 

Has vivipary, then, any particular use, and why should it be so common on 
the sea-shore? In my opinion, an answer to this question is to be sought in 
quite different quarters. Recent ecological work has shown that while many 
plants can grow in a saline soil, their seeds cannot germinate in such a soil — 
the salt solution hindering the water absorption which is always essential for 
the germination of the seeds (9). And Guppy (2), experimenting with the 
buoyant seeds of tropical and British littoral plants belonging to the families 
Leguminosae and Convolvulaceae, found that the seeds of such species when 
placed in the sea and fresh water respectively, absorbed water in both cases, 
swelled and sank, those in fresh water proceeding at once to germinate 
at the bottom, while those that sank in sea water merely decayed, showing 

^ Quoted by Watson (8). 
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conclusively, that the seeds can germinate only in the absence of strong 
concentrations of salt. 

The seeds of most inland halophytes germinate, most probably, only after 
good rains when the soil solution is very much diluted, but such a thing is not 
possible in the mangrove swamp and on the sea-shore. Rains make no differ- 
ence there and the salt-content of the soil remains high and approximately 
uniform throughout the year. Vivipary or the germination of the seeds on the 
parent trees themselves is the only method by which the injurious action of the 
salts of the soil on the seeds, preventing them from germination could be 
avoided and it appears that this is the reason that plants with a viviparous 
habit have gradually become grouped on the sea-shore. The habit probably 
arose independently in the different plants in different localities as a variation 
from the normal due to environmental effects or some other unknown causes, 
as is fully proved by the occasional occurrence of vivipary in land plants in 
places remote from the sea. Of these species, the halophytic gradually shifted 
to the sea-shore where this habit proved really useful and, under the uniformly 
warm and saturated atmosphere of the tropical littoral lands, the original 
variations became a regular habit with the species. This habit is still very 
strong in the various mangrove species because it is really useful to them in 
tiding over one of the greatest obstacles in their environment. 

I do not know if this explanation has been put forward by others, but 
Blume^ may have had similar ideas in his mind, when he wrote that “the fruits 
of Nipafruticcins are not separated from the head before germination is so far 
advanced that sea-water no longer injures the seedling.’’ On the whole, how- 
ever, this explanation appears to me much more attractive than the old hypo- 
thesis of adaptation to dispersal and anchoring of the young plants. Viviparous 
seedlings may be fulfilling these functions to sonu' extent, Init the main reason 
that this habit is so well represented on the sea-shore is to be found in the fact 
that it enables these plants to overcome one of the greatest obstacles in their 
environment. There is no other method of avoiding the injurious action of the 
salt water of the soil which prevents the seeds from germinating. 

An objection, however, can be raised against the present explanation with 
regard to the Sonneratias and some other plants with non- viviparous seedlings 
which grow as well on the sea-shore as the viviparous species. One may ask 
for an explanation of their presence on the sea-shore. In my opinion these 
plants are to be regarded as extreme halophytes which have become so well 
adapted to their environment that their seeds have acquired the power of 
germination in a saline soil. 

The explanation given above is to be regarded as only, till it is proved or 
disproved by experiment, a task which can be accomplished by those alone 
who have easy access to mangrove forests. 

Bbnabes, India. 


^ Quoted by Guppy (2). 
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NOTE ON THE OCCURRENCE OP SALIX IN 
TEMPERATE SOUTH AMERICA 

In a paper published in The Journal of Ecology in 1922 ( 10 , 62-8(5) I referred 
to the occurrence of Salix humboldtianu in temperate South America at or 
near the latitude of Buenos Aires, approximately the latitude of Cape Town, 
to which point the genus ranges in South America. In an interesting paper 
on the vegetation of Patagonia (‘‘^tude phytogeographique de la Patagonie,” 
in Bull. Soc. Roy. Bot. de Belgique, 58, 105-80, 1926), Prof. Lucien Hauman 
refers to the occurrence of Salix humboldtiana as a riparian shrub in the 
“Monte,” where the vegetation is entirely xerophilous, consisting essentially 
of a shrubby growth 1-4 m. high, though in certain areas developing into true 
trees. He mentions the occurrence of this willow as far south as the lower 
reaches of the River Chubut. This river is approximately in 44° of south 
latitude, which is 9° farther south than Cape Agulhas, in South Africa. The 
actual statement (p. 164) is: “Je ne connais pas personnellement le cours 
inferieur du rio Chubut, mais je me suis assure que ses rives sont encore 
occupees par des petits bois de Salix Humboldtiana (PI. I), ce qui est pour moi 
caract&istique du Monte.” The photograph (PI. I, fig. 2) shows a dense 
growth of shrubs fringing the stream. J. Burtt Davy. December 17th, 1932. 
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LETTER TO THE EDITOR 
PHAEOCYSTIS AND HERRING SHOALS 
To The Editoe of The Journal of Ecology. 

Sir, 

In his paper on this subject (Journal of Ecology, Vol. 20, pages 326-340), ¥ tiich was a 
lecture delivered at a meeting of the Society at Lowestoft on May 22nd, 1931, Mr Savage 
expresses his personal opinion that Rhizosolenia has not much influence on the shoaling of 
the herring in English waters. He refers to a forthcoming paper to be written in collabo- 
ration with our former colleague, Professor A. C. Hardy, Department of Zoology and 
Oceanography, University College, Hull, in which the general question of the influence of 
phytoplankton on the herring will be treated in full detail. Subsequent discussion with 
Professor Hardy has brought out the fact that he does not agree with Mr Savage in the 
provisional opinion expressed, but ascribes to Rhizosolenia a much more important role. 
The object of this note is, in fairness to Professor Hardy, to put on record his caveat. In 
a complicated problem of this kind there is naturally still room for some divergence of 
opinion, and it is fortunate that such close and friendly relations exist between the two 
workers as to render possible effective co-operation both in the collection of data and in 
the publication of results. It is, of course, common knowledge that Professor Hardy, when 
a member of the Ministry’s staff, was the initiator of this important line of research, and 
since his appointment at Hull he has been actively engaged in following it up on his own 
lines, in close association with the Ministr^^ 

T arn. Sir, 

Your obedient servant, 

E. S. Russell, 

Director of Fishery Investigations. 
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THE WATER RELATIONS OF PLANTS 

Walter, H. Die Hydratur der PJlanze^ und ihre physiologisch-dJcologische 
Bedeutiing, (Untersuchungen iiber den osmotischen Wert.) Pp. 174 + xii; 
73 figs. Price RM. 10. Gustav Fischer, Jena. 1931. 

Elementary text- books of physics sometimes endeavour to explain the idea of tempera- 
ture to schoolboys by means of the hydrostatic analogy, though when this is done it is 
usually thought wise to add a caution against the dangers of the comparison if it should 
be carried too far. Prof. Walter has thought it worth while to try and explain to botanists 
the complex relations between plants and water by reversing this analogy, and while doing 
so has forgotten, we are afraid, the recommended foresight and caution. T. H. Huxley has 
often been considered a model to biological writers, and his sparing use of similes has been 
remarked upon. “Since accuracy and veracity were the qualities at which he consistently 
aimed, Huxley,” his grandson tells us, “was sparing in the use of images. Ideas can be very 
vividly expressed in terms of metaphor and simile; but, since analogies are really complete, 
this vividness is too often achieved at the cost of precision. Seldom, and only with the 
greatest caution, does Huxley attempt anything like a full-blown simile.” The complete 
lack of reserve with which Prof. Walter’s analogy is to be applied may be inferred from the 
title, and is made entirely clear as early as the sixth page by the following definition italicised 
by the author. “In Analogic zum Warmezustand — der Temperatur — schlagen wir fiir den 
Wasserzustand die Bezeichnung Hydratur vor.” Since heat potential is called temperature, 
the corresponding factor in relation to water, supposing it to exist, must, apparently, be 
called hydrature. The author hastens to admit that this very unpleasant vnrd is not, 
philologically speaking, all that it might be: botanists, however, will probably reserve their 
principal objections rather for its redundancy and misleading suggestions. 

The author desires to describe, quantitatively if possible, th(i relation between living 
matter and its contained water. He even goes so far as to hint that this relationship has 
been overlooked in the past, a suggestion that, whether he agrees or disagrees with ideas 
such as the “fixed water” concept of Newton, Gortner and others, seems quite indefensible. 
Having invented “hydrature,” however, it is not altogether surprising that the author 
should tend to regard water relations solely in terms of his analogy, and to suppose that 
the rules for heat relationships must necessarily ajiply to relations with water. The danger 
of this position is soon appreciated. Had the author referred once more to his text- book 
of physics he would have found the temperature of a body defined as the average kinetic 
energy of its molecules. When heat passes from one piece of matter to an adjacent piece 
no molecules need be transferred, merely the energy lost and gained in a number of molecular 
impacts. When on the other hand water passes from some one body to another a transference 
of the molecules themselves is occurring, a process of an entirely different physical character. 
It follows from considerations of probability, that the movement of heat must depend on the 
temperature difference, i.e. the difference of average kinetic energies of the molecules of the 
substances concerned. Ln cases where the transfer of water is molecular it will be similarly 
related to the difference of vapour pressures above the two absorbing bodies, but in this 
connection it must not be forgotten that, while temperature is the expression of an average 
kinetic energy of all kinds, rotational and vibrational as well as translational, the vapour 



Reviews 


215 


pressure depends on the number of molecules and their translational velocity alone. It is, 
nevertheless, such similarity as there is that has led our author into his error. What he would 
do on his analogy with mass movements of water it is impossible to imagine. 

As a measure of “hydrature” relative vapour pressure is proposed, and it is a little 
strange that the mention of the word pressure did not sound a warning. Any sort of pressure 
acting on water must affect its relations with absorbing substances, whether it acts molecule 
by molecule, as in diffusion or osmosis, or whether it is applied mechanically in the mass, as 
by the walls of a retaining vessel. The generalised conception required to cover the whole of 
these relations is neither suggested by tlie word hydrature nor defined by its definition. Even 
if it were the invention would be unnecessary, for a suitable term has already been in exist- 
ence, and even in common use among botanists, for some years. In order to coirect certain 
misconceptions Ursprung has recently recapitulated his idea of “Saugkraft” (anglicd— 
suction force or better suction pressure) in the following words . .definierte ich die Saug- 
kraft einer Zelle als die Kraft, mit dor die Zelle Wasser einzusaugen strebt.’’ It was also 
made perfectly clear that the term was considered applicable to soils, solutions, and, indeed, 
to any other absorbent body. This term rests on no dubious analogies, is in accord with 
current physical terminology, and is universal, that is to Sity completely independent of the 
particular mechanisms of individual cases. The last is a requirement that P»*of. Walter 
himself emphasises. 

The stated object of this book is not, however, to review the movements of water into 
absorbing bodies, but the static; relations between absorber and absorbed ; and the author 
appears to think that, whereas “Saugkraft” is concerned with the former, “Hydratur” 
describes the latter. How this idea could have arisen, and how it survived the attempt to 
apply it in detail it is difficult to understand. The most general quantitative relationship 
between water and the varied substances with which it is connected in plants is the force 
by which it is held to them. Having said so much it i; obvious that the correct measure of 
the quantity is Ursprung’s “suction force” expressed in any convenient units. Any further 
exploration of this field must depend on a consideration of the individual mechanisms at 
work, hydrostatic, osmotic, imbibitional, capillary, etc., an adventure that the author 
expressly eschews. 

It was pointtxl out by Ursprung and Blum that the suction pressure of a mixed solution 
might be measured by the vapour pressure witii which it is in equilibrium, and as already 
mentioned it is relative vapour pressure, that is also chosen as a measure of “hydrature.” 
This pressure is often conveniently determined with the help of the formulae that connect 
it with osmotic pressure, lowering of the freezing-point, etc., and so by easy stages we come 
back to the old conception of the “osmotic value” as the dominant factor in the water 
relations of the cell. The greater part of the book is, in fact, a review of the extensive literature 
of this subject. A new idea is introduced, however, when it is suggested that tUe osmotic 
value of the cell sap indicates, not only the water condition of the sap itself, but also that of 
the cytoplasm. It is thought, that is to say, that the two regions existing side by side must 
keep themselves in equilibrium. This idea is fundamental to the whole of the work that 
follows, yet nothing whatever is done to make it acceptable. No data are presented bearing 
on the rate of adjustment, and it is hard to believe that Prof. Walter has ever examined 
a curve representing the approach of a plant tissue, seed, or relatively simple colloid, im- 
mersed in a solution towards a water equilibrium. The system may be measurably out of 
adjustment for many days, whereas the osmotic pressures of saps, especially those of leaf 
cells during assimilation, may vary erratically within the hour (p. 47 et seq.). An analogy 
ivS also drawn on p. 6 between the imbibitional and capillary effects of the soil and the similar 
effects inside a plant. It is, however, known that the establishment of an equilibrium between 
soil moisture and the vapour pressure at the surface of the soil may be delayed for more than 
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three weeks (Keen, Physic^ Properties of ihe Soil), an inconvenient fact the author seems 
to have neglected. 

This exposition of water in relation to plants, so unfortunate in its inception, gains little 
in its detailed application. An author who states at the outset “Der Boden. • .zeigt stets 
eine hohe, ziemlich konstante Hydratur,” i.e. relative vapour pressure, “um 100 herum,” 
has only himself to blame if the reader’s confidence begins early to wane. To follow the chain 
of the argument further, and pick out its weaknesses link by link, would be a wasted labour; 
two points of fairly wide application must suffice. 

The concepts of minimum, maximum and optimum “hydrature” are used to define the 
range of a plant’s toleration and response towards water. Only the most meagre information 
is given, however, about the experimental methods of securing these conditions, and the 
tables of results usually tell us nothing at all as to the number of determinations on which 
their figures are based. Considering the nature of the work, and its ecological application 
to plant populations, it is hard to see what value these results, some of them admittedly 
unduplicated, can have apart from any estimate of error. The difficulty of fixing the “car- 
dinal points” is much increased, we are informed, by their variability, a shortcoming they 
share with those for temperature, and wo are tempted to suppose that the author only sees 
in this a further support for his hydrothermal analogy. It has, of course, been realised since 
1905 that the cardinal point system of expressing temperature and some other physiological 
results is of very limited use, and it seems a pity to revive it in a new connection. The ecological 
end in view, viz. that of classifying plants according to the range of their osmotic values, 
would probably have been better served by the normal statistical method of determining 
the means and standard deviations of these quantities. 

The rate of drying out may have a very marked effect on the “hydrature” value at 
which the plant succumbs (p. 101). This seems a direct frontal attack on the value of “hy- 
drature,” at least as determined, as an expression of the cytoplasmic water relations. The 
author seems, however, in no way disconcerted by this awkward fact, merely commenting 
on the hardening of plants raised in warm houses by graded changes of temperature. 

It has happened before that a book written to prove a case has survived as a repository 
of data. Any utility this book may have must be of this kind, for which reason we are left 
wishing all the more strongly that there had been some estimate of the reliability of the data. 
In the absence of this, and in the face of the unsoundness of its theoretical basis any attempt 
to apply “hydrature” to the solution of ecological problems seems stultified at the outset. 

W. O. J. 


PEDOLOGY 

Robinson, G. W. Soils: their Origin^ Constitution and Classification: an 
introduction to Pedology. Pp. xv + 390, with frontispiece and 12 figs, in 
the text. Price 20.s*. net. Thomas Murby and Co., 1 Fleet Lane, London, 
E.C. 4. 1932. 

This is a welcome introduction to the modem science of pedology, which is practically 
a child of the present century and is now developing with great rapidity. The book can be 
highly recommended to plant ecologists, whose work depends so largely on an appreciation 
and knowledge of soils, as an authoritative and systematic treatment of the subject. 

The introductory chapter emphasises the modem standpoint, which takes the whole soil 
“profile” as seen in the field as the proper unit of study, and regards the laboratory analysis 
of samples as a means of elucidating the nature of the profile. Subsequent chapters deal with 
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the Constitution of the Soil, the Pedogenic Processes, the Clay Complex, Exchangeable 
Bases, Organic Matter, General Physical Properties, and Water Relationships. Particular 
types of soil are considered in the next chapters, and then Classification, the Geography of 
Soils, Surveys, Analysis, Relation to Plant Growth and Agriculture. An appendix gives an 
account of methods of analysis. The modcun standpoint which regards the soil as a dynamic 
complex, continually changing as a result of the climatic processes of weathering together 
with the effects of vegetation and of the soil flora and fauna, is emphasised throughout. The 
more detailed elucidation of the relation of soil evolution to the development of vegetation 
is the most important co-operative task of the immediate future for pedologists and ecologists. 

The book is extremely well written, and the exposition perfectly lucid, but parts of it are 
rather stiff reading for those unfamiliar with the techni(;alitie8 of modern soil cLemistry. It 
would have appealed to a much wider circle of readers if the author had taken space to 
amplify and elucidate, as he went along, many of the more abstruse discussions. Prof. 
Robmson would find that there would be a ready welcome and a good sale awaiting a some- 
what smaller book published at a moderate price, omitting the discussions of the more 
doubtful and difficult points arid giving the subject a rather more elementary and less 
severely contuse treatment. 

The statement on p. 69 that ‘'in northern coniferous forests there is practically no ground 
vegetation” c^j,n hardly stand. It is only true of (dose plantations and of dense, relatively 
young stands; and with that limitation it is almost equally true of most deciduous woexis. 
Mature natural spruee and pine forest may have quite a rich ground vegetation. 

The book is a masterly and valuable presentation of a subject on which the knowledge 
of many of those most intimately concerned is still distressingly vague and even inaccurate. 

A. G. T. 


THE NOVEMBER ISSUE OF THE JOURNAL OF ANIMAL ECOLOGY 

(VOL. I, NO. 2) 

This number contains nine papers, two short.notes, a luirnber of short notices of papers on 
animal ecology, together with some longer reviews and the index for the first volume. 
F. T, K. Pentelow describes the results of a study (^f the food of the common trout in the Tees 
and Itchen, made under the auspices of the Ministry of Agriculture and Fisheries. He finds 
that almost all food organisms available in the habitat are taken by the fish. This conclusion 
is also applied in general to West Greenland birds by T. G. LongstafT, in a team-survey of 
animal and plant communities in Godthaabs Fjord carried out by the Oxford University 
Greenland Expedition in 1928. This survey gives a clear picture of the whole fauna of an area 
si)eoially selected for bird census work; there are lists of animals from major habitats, and 
photographs of some of the latter. D. Ward Cutler, L. M. Crump, and A. Dixon contribute 
the results of exjxeriments carried out at Rothamsted Experimental Station upon the in- 
fluence of various environmental factors on Protozoa in sewage filters. R. S. A. Beauchamp, 
from the Laboratory of the Freshwater Biological Association, describees the behaviour of 
certain fresh-water flatworms in Blelham Tam, Westmorland, with reference to their migra- 
tion and the relationships between different species. The ecology of marine fish receives atten- 
tion in two papers, one by W. C. Hodgson (from the Fisheries Laboratory at Lowestoft) on 
the biological and mathematical basis of forecasting changes in the age distribution of herring 
shoals in the North Sea; the other b}^ B. Storrow (of Cullercoats Marine Biological Station), 
who discusses the general aims and methods of fishery research, with special reference to 
forecasting fluctuations in numbers and the relation of these fluctuations to climatic c^'cles. 
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The microclimatic conditions of caves and similar pJnoc s in I’ahst i?ie are described by P. A« 
Buxton (London School of Hygiene and Tropical Medicine), who paid special attention to the 
moisture content of the air, and methods of investigating it in such habitats. Recent changes 
in numbers and distribution of the American grey squirrel in ( Jic.if Britain, investigated by 
the Bureau of Animal Population, Oxford University, are mapped and summarised by A, I). 
Middleton, who shows that spreading continued during 1930-2 in spite of stwere reduction in 
numbers owing to epidemic disease. The rookeries of the Isle of Wight are mapped and 
analysed by J. F. Wynne, who agrees with other investigators that the density of the rook 
population is so low as to have probably little influence on agriculture. Two short notes deal 
with a periodic fluctuation in wheat- blossom midges (H. F. Barnes), and the orientation of 
nests of a sf)ecies of wood-ant which was photographed in North Norway (C. Elton). The 
number is completed by 131 short notices of British publications on animal ecology; reviews 
of the August issue of The Journal oj Ecology, and of books, papers and reports on ornithology, 
fresh-water fislieries, animal migration, and a nocturnal insect community; and tlie index for 
1932. This second number has been slightly increased in size, and it is intended to expand 
future issues as the number of subscribers increases. 


Charlks Elton. 



BRITISH ECOLOGICAL SOCIETY 


SUMMEE MEETING AT BARNAED CASTLE, CO. DURHAM, 
AUGUST 27TH-31ST, 1932 

The summer meeting of the Society was held at Barnard Castle from Saturday, August 27th 
to Wednesday, August 31st, under the local organisation of Dr R. W. Butcher and JJr T. W. 
Woodhead. By the courtesy of the Director, Dr K. S. Russell, O.B.E., the Tees Laboratory 
of the Ministry of Agriculture and Fisheries was placed at the disposal of the Society through- 
out the meeting, and was utilised as headquart/crs and meeting place. 

On the evening of August 27th at 8.30 p.m. Prof. Boycott took the Chair at the opening 
of the meeting. Dr R. W. Butcher welcomed the Society on l)ehalf of the Director and Staff 
of the Laboratory and then gave a concise outline of the geology and topography of Teesdale, 
as an introduction to the areas to be visited during the meeting. Teesdale was shown to 
differ greatly in the upper and lower reaerhes of tlu^ river. Above Middleton, from its sources 
on Cross Fell, the Tees has few tributaries and an average fall of 33 ft. j>er mile, causing a 
deep-sided valley liable to big and sudden floods, with a scoured bed and no flood meadow. 
In this part of its course the Tees is flowing over Mountain Limestone, which consists very 
largely of sandstones and shales with thin calcareous strata. The water is brown from the 
peat brought in by tributaries, but has a pH of 6-8-7-4 and contains the characteristic moss 
of calcareous streams, Philonotis fontana. Below Middleton the character of the valley 
changes where Millstone Grit is brought to the surface by a large synclinal fold. This persists 
as far as Barnard Ciustle, below whicdi the surface rock is again Mountain Limestone, and, 
later. Magnesian Limestone. The geology of Upper Teesdale is complicated by the presence 
of the Whin Sill. This is a large star-shaped basaltic mass with its centre at Cauldron Snout. 
It is intrudtMl ns a horizontal Ix^d l(K)-20() ft. thick into the Mountain Limestone. It is 
responsible for the ciisc^wles in the river at High Force and Cauldron Snout, and the lime- 
stone into which it has been intruded is metamorphosed at the plane of junction to give the 
bands of friable crystalline “sugar-limestone” which outcrop on Mickle and Cronkley Fells, 
and support many of the local subarctic s{)ecies characteristic of Teesdale. Dr Butcher con- 
cludcsd by referring to the effects upon the district of the most recent glaciation, in which the 
Pennine and Cheviot glaciers met south of Darlington, depositing thick beds of boulder clay 
seawards from that town. 

Dr K. B. Blackburn then gave an account of the characteristic subalpine species of the 
Teesdale flora, especially of the region from Winch Bridge (c. 1000' o.d.) to the highest parts 
of the neighbouring fells. Descriptions and lantern slides were given of the following species: 
Potentilla fruticosa, Arenaria venia, Thlaspi arverise (on lead workings and tippings), Viola 
lutea, Antennaria dioica, I'rientalis europaea, Trollius europaeuSf Arctostaphylos uva-ursiy 
Stdum telephiumy Vacciniuni vitis-idaeay Bubus chamaemoruSy Myosotis alpestrisy Carejx 
rigida, Oentiana vema, Primttla farinosa (divided by Harrison into coast and upland forms), 
Saxifraga steUarisy S, hypnoides, S. aizoideSy Partsia alpina, Sedurn villosumy Draba incana, 
Dryas octopeiaUiy Armeria maritiniay Pkintago viaritimay Helianthtnium canuriiy Senecio 
spathulifolium, Arenaria uliginosay Crepis capillaris. The local distributions of these spexjies 
were given, frequently related to the Whin Sill basalts or the “sugar-limestone.” The central 
fact of the concurrence of this large number of subarctic species in an “island” distinctly 
cut off from other areas with similar assemblages, was explained by Dr Blackburn in terms 
of pre-Glacial survival. According to Dr Raistrick a large nunatak existed in Upper Teesdale 
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during the most recent glaciation, with smaller ones further south, and the subarctic species 
are supposed to have survived on these. 

Considerable discussion followed the paper, t he c onclusions of which were strongly dis- 
putoi. Dr Blackburn’s work has b(ien published in Trans. Northern Naturalists' Union, 1, 
1931. 

The conversazione held on Monday evening was opened at 8.30 p.m. by a series of short 
descriptions given by the laboratory staff of the work being carried on in the biological 
investigation of the River Tees. Dr Butcher gave a general introductory statement, and 
Dr Southgate described the results of domestic and industrial pollution in the estuary, 
especially upon salmon. Although oxidation of the organic matter in the sewage effluents 
caused the summer oxygen concentration to fall to 6 per cent, oxygen saturation as against 
80 per cent, in winter, yet the April, May and June killing of smolts takes place before the 
river temperature has risen appreciably, so that the oxygen content is still high. The effect 
is, in fact, shown to be duo to the direct toxicity of cyanides from coke ovens, and water 
samples can be made innocuous by formaldehyde. 

Mr Bassendale described his work and that of his predecessor, Mr Alexander, on the great 
deficiency in species of the fauna of the middle of the Tees Kstuary. This is the region of 
great variation of salinity, of maximal pollution and toxicity, and of minimal oxygen content. 
He compared the Tees with the unpolluted T^ay, which shows at its estuary the same variation 
in salinity and also in fauna. 

Mr Longland gave an accjount of the investigation of the decomposition processes under- 
gone by sewage effluents. In the upper Tees there is little yearly variation, but in the lower 
lees there is a band of decomposition 15 miles long in winter, but very short in summer. This 
is indicated especially by the high values of ammonia and nitrates. The seasonal effect is 
explicable as a temperature effect on the basis of laboratory experiments showing the large 
measure of control by temperature on the decom})osition processes. 

A number of exhibits were shown in the laboratory. Mr J. B. Nicholson showed a series 
of specimens of the rare plants of Teesdale collected between 1830 and 1860. Dr Blackburn 
exhibited a series of specimens showing variation within populations of Viola, lutea (agg.) and 
Viola tricolor (agg.) from the county of Northumberland, and also a series showing the varia- 
tion in the population of an area in which both species occur and hybridise. Dr Woodhead 
produced a map showing the distribution of rookeries in the Huddersfield district, and also 
infra-red photographs taken in the same region. The photographs showed vegetation on 
the lower Coal Metisures and Millstone Grits, and an extraordinary wealth of detail in the 
distance, much of which it had not j)reviously been possible to photograph at all. 

Dr R. W. Butcher showed maps of permanent quadrats in the bed of the River Tees 
plotted at intervals from May, 1930 to May, 1932. The most striking points brought out by 
the quadrats were: (1) the slightness of variation in area occupied by phanerogams through 
the year, the species concerned being apparently perennial and evergreen, (2) the continued 
moving of plants to unoccupied areas, (3) that the period of minimal area covered is between 
February and May. Profile curves of the river bed through the year showed that the plants 
cause aggregation and stabilisation of mobile substratum in the river bed, the new stratum 
collected round them consisting of 20 per cent, stones and 70 per cent, sand as compared with 
80 per cent, stones and 10 per cent, sand on the rest of the river bed. Dr Butcher also showed 
photographs and slides of algae found growing on glass slides submerged on the river bed. 
Many of these are either entirely new or are little known; they have been described in the 
New Phytologist, 31. A further exhibit by Dr Butcher illustrated the occurrence of six distinct 
algal communities in the growths on submerged glass slides on the bed of the Tees. In the 
spring the communities consist of diatoms : (a) in the upper river, a JJiatoma, Achnanthes, and 
Qomphonema community, (b) in the middle river CymhelUi verUricosu and Diatoma commu* 
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nitioSy and (c) in the lower river a Diatoma, Navicula viridula and Surirella commanity. In 
the summer the communities consist of CJlotrichales and a very few diatoms : (a) in the upper 
river an Achnanthes, CluietopeUis community, (b) in the middle river a Cocx'X)neis, ChamaeM- 
community, and (c) in the lower river a Cocconeis, Ulvella, Stigeocloniuri com- 
munity. 

Mr Langland showed figures illustrating the diurnal variation in temperature, oxygen 
content, 2 >H, carbonate and bicarbonate content in the Tees, and also tables showing the 
range of concentration (jf decomposition products of sewage in the Tees below the influx of 
the Darlington sewage. 

A third evening meeting was held on Tuesday, August 3()th, at 8.30 p.m. 

Mr J. B. Nicholson read a paper on the vegetation of Hell Kettles, two lar^^e ponds in 
Lower Teesdale near the confluence of the rivers iSkerne and T(m*s. They were formed by the 
collapse of the thin New Red Sandstone overlying large cavities formed by solution of the 
subjacent Magnesian Limestone. The ponds wen? formed in 1179, and are only 20 ft. deep, 
despite local belief in a depth compatible with tlieir name. They are 40-50 yards across. One, 
the single kettle, contains abundant vegetation and shows conc^entric belts of Phragraitetum, 
Cladietum and Juncetum obtusiflori. The other pond, the double kettle, is in contrast 
strikingly barren, probably because of its steep sides and shifting mud. Analyses of the water 
of the two kettles showed no marked diflerences; in both the pH of the water was 8'3-8*6. 
Although the content of sodium chloride was not high in either pond, yet several brackish 
water plants occur beside them, notably Scirpus tahernaem just above the Cladietum. 

The general ii^ipect of the vegetation is that of lowland fens such as those of the Norfolk 
Broads and Wicken Fen, Carnbs. Mr Nicholson's work has been described in llie Vasculum. 

Dr F. T. K. Pentelow th(*n described the ecology of the distribution of the larvae of some 
species of Scinidmm in the River Tees. The larvae of sev^en species of this small black blood- 
sucking fly occur in the Tees, four sj)e(;ies througliout i-s entire leuigth. At the confluence of 
the River 8kerne S. repUins var. galeratnm conies in and extends dovTiwards. S, equinum. is 
abundant also in the Low(‘r 'Fees. Tiie 8kerne differs comj)lctely from the Tees, and contains 
S. replans, S. orrmlurn and aS'. aureum. The Skerne is h(*avily ])ol luted with the Darlington 
sewage and the water is hard. Below the confluen(‘e the Skerne water jiroduces in the Tees 
biological effects closely approximating to those of stagnant water. This seems (iertainly due 
to the sewage rather than to the hardness, but the effect ]>oB3ibly operates through the very 
greatly increased abundance of flowering plants in the riveu’ below the Skerne confluence. 

The meeting was concvluded by the President, Prof. Boycott, expressing the deep gratitude 
of the meeting and of the Society to the local organisers, Dr Butchei* and Dr Woodhead, to 
the Staff of the Laboratory and tht*ir wives and friends and all who had co-operated to make 
the meetings and excursions so successful and enjoyable. 

During the meeting three excursions were made, all of them in the compe^tent charge of 
Dr Butcher. 

On Sunday, August 28th, the party travelled by bus to Langdon Beck and from there 
walked over Widdybank Fell to Cauldron Snout, visiting High Yotcq after tea, and Winch 
Bridge on the return journey to Barnard Castle. By the farm near Langdon Beck were found 
Peucedcinurn ostruthium and Btirnex domesheus, the latter locally used as a horse medicine. 
On the morainic slopes of Widdybank Fell a wide complex of grazed communities was 
traversed, dominated variously by Nardus slricta, Molinia coerulea, J uncus effusus, Carices 
and Eriophorum, It appean?d that soil factors, such as soil reaction and mineral content and 
local drainage, the intensity and character of grazing, and pjist cultivation were all factors 
heavily involved in differentiating the complex of communities, and Dr Woodhead showed 
that it was probable that all these operated after tree-felling had cleared the original wood- 
land. In the alkaline drainage channels crossing the otherwise acid soil of the fell were found 
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Tofieldia palustris, Saxifraga aizoides, Kohresia caricina>f Barisia alpina, Eriophorum lati- 
folium, and Primula farinosa. JSedum villosum was discovered growing in very disturbed 
ground such as cart-ruts and hoof-marks, especially in some wet places. On the “sugar- 
Hmestone” of Widdybank Fell were found Antennaria dioica and Arenaria vema. On the 
basalt of the Whin Sill at High Force and Winch Bridge were Potentilla fruticosa, Saussurea 
alpina, Oalium boreale, Bubus saxatile, Melampyrum silvaticum, Antennaria dioica and 
Kohresia caricina. 

On Monday the party walked down the rocky limestone gorge of the Tees to Rokeby. 
On the way Dr Butcher demonstrated his technique for investigating the algal flora of rivers 
by the use of submerged metal frames containing glass microscope slides. The algae developing 
on the slides are quite typical of those covering the stones of the river bed and are also the 
main source of the river plankton. Bibes alpinum and Daphne laureola both occurred in the 
valley. 

On Tuesday, August 30th, the excursion was by bus to Grains o’ Beck, and thence on 
foot over Mickle Fell and Cronkley Scars to Langdon Beck, returning by bus to Barnard 
Castle. On the slopes of the fell Epilobium alsinifolium, Philonotia fontana and Saxifraga 
stellaris occurred rather strikingly in alkaline flushes in the acid peat. At the summit of 
Mickle Fell and again on Cronkley Scars the outcrop of limestone bands among sandstone and 
shales of the Mountain Limestone produced the most striking and instant change from vege- 
tation dominated by Calluna, Eriophorum and J uncus squarrosus, to bright green, closely 
grazed grassland of definite calcareous type with FeMuca oimia as the main component. On 
Mickle Fell these areas boro also Oentiana verm and Draba incana. The upper parts of Mickle 
Fell showed magnificent examples of peat degeneration, the erosion channels often reaching 
the basal rock: in the Fish Lake at Amgill Beck the basal peat showed the stumps (mostly 
Betula) of former woodland. The “sugar-limestone” outcrop on Cronkley Scars showed Dryas 
octopetala, Oentiana vema, Arenaria verna, and Hdianthemum canum. 

Of the large number of Teesdalo rarities seen during the excursions it was marked that so 
many occurred in situations characterised by soil alkalinity: the basalt of the Whin 8ill, the 
alkaline fell flushes, the limestone outcrops and the “sugar-limestone.” In some cases, such 
especially as the “sugar- limestone” and the basalt, one might suppose the alkalinity to be 
linked with excellent drainage. It is still by no means clear how the influence of such edaphic 
factors interrelates with the “nunatak hypothesis” of the survival of the Teesdale flora 
throughout the Glacial period. 


MEETING AT UNIVERSITY COLLEGE, LONDON, 
JANUARY 6tH“7th, 1933^ 

SOIRfiE IN THE DEPARTMENT OF BOTANY 

The members of the Society and visitors were entertained at a Soiree kindly arranged by 
Prof. E. J. Salisbury in the Botanical Department on the evening of Friday, January 6th. 
A large number of members and guests were present. Several series of exhibits had been 
arranged in the laboratories. Some of the more striking features of Molluscan distribution in 
Britain which were referred to in the Presidential address on the following day, were here 
illustrated by maps and specimens of the animals concerned. Other Molluscan exhibits by 
the President showed the wide range of naturally occurring forms of Limnaea peregra, and 
the equally wide range produced by breeding. Mr A. D. Cotton showed a selection of dried 
specimens of arborescent Senecios which are found on the high equatorial mountains of 
Africa. The species are peculiar to each mountain mass and occur in zones from about 9000 to 
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14,000 ft. The plants are characterised by a short woody trunk bearing terminal rosettes of 
very large loaves, which in the upper species are covered on the under side by a dense tomen- 
tum. In the two lowermost zones the capitula are heterogamous, but in some species of the 
uppermost zone they are homogamous (devoid of ray florets). An exhibit of drawings and 
microscope slides by Mr C. L. Hare showed the general features of the anatomy of the 
arborescent Senecios described by Dr Cotton. Mr C. E. Hubbard showed living and herbarium 
specimens of Entohxsia subjuncea and other cleistogamous grasses : in some cases these were 
produced on the ends of short underground shoots. Mr A. D. Middleton showed specimens 
of young forest trees very severely injured by the attacks of field voles (Microtus hirtus). He 
also showed a trap for catching field voles alive in surface runs among ground vegetation: the 
trap incorporates a nest-box, since the voles die witliin a few hours if kept in c mventional 
traps. Mr F. W. *Jane illustrated by sections and diagrams of the wood of different species of 
the genus Celtis the tendency of the abundance of vessels in the secondary wood to vary with 
the latitude. In the twenty-six species examined it schemed, broadly speaking, that the tropical 
species had a smaller area of the transverse section occujued by vessels than species from 
more temperate regions. Prof. E. J. Salisbury sliowed a series of charts and photographs 
illustrating altitudinal zonation in Quercetufn sessiliflorae. The zones of Vaccinietum, Luzu- 
letum and Anemonotum which occupy summit, upper and basal slopes respectively, showed 
marked gradation also in respect of the soil factors of carbonate content, exchangeable 
calcium, soil reaction and non-available water. Prof. Salisbury also showed photographs of 
vivipary in Salicornia herhacea and lantern slides of several rare specues of British flowering 
plants. Exhibits from the work of the Department carried out at Blakeney Point included 
charts showing the soil and air temperatures and the water content of sand-dunes, and drawings 
to scale of the root systems of littoral plant species. The latter strikingly illustrated the 
great plasticity of the root system produced according to the character of the ground 
occupied. 


ANNUAL MEETINC; 

The nineteenth Annual Meeting of the Society wa.s In^ld in the De})artment of Botany 
of University College on the following morning, Saturday, January 7th, at 10 a.in., the 
President, Prof. A. E. Boycott, F.R.S., occufwing the Chair. The minutes of the previous 
meeting were read and confirmed, and the Secretary’s report on the activities of the Society 
during the past year was read and adopted. 

Hon. Secretary’s Report for the Year 19;i2 

The eighteenth Annual Meeting of the Society was heUl in the Departments of Botany and 
Zoology of the University of Oxford on January 2nd and 3rd, 1932. On the t^ vening of 
January Ist members of the Society and guests were entertained at a Soiree in the Depart- 
ment of Zoology and Comparative Anatomy, Oxford, at which numerous exhibits were shown 
dealing with aspects of animal ecology. The cordial thanks of the Society arc due to the heads 
and staffs of the two departments for their generous hospitality. 

The summer meeting of the Society was held in Teesdale from August 27th to 31st, and 
by courtesy of the director and staff the Tees Laboratory of the Ministry of Agriculture and 
Fisheries at Barnard Castle was made available as headquarters and meeting place. Two 
evening meetings were held at which papers were communicated dealing vdth the local 
ecological features, and at a Soiree kindly given by the staff of the laboratory the work of the 
Station was outlined by means of short talks and prepared exhibits. Other exhibits of more 
general ecological interest were also shown. During the meeting two whole day excursions 
and one half-day excursion were made into Upper Teesdale. The party walked over Cronkley, 
Widdybank, and Mickle Fells, and visited Cauldron Snout, High Force, and Winch Bridge, 
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seeing a very large part of the characteristic local subarctic flora of Teesdale and a wide range 
of typical moorland vegetation. The society is very grateful to the local organisers, Drs 
Woodhead and Butcher, and to the Staff and Director of the Tees Laboratory for having made 
the meeting so successful and pleasant. 

On Saturday, October 22nd, a joint excursion with the British Myoological Society was 
made at Albury, under the leadership of Mr J. Ramsbottom. 

At the last Annual Meeting it was agreed that the Council of the Society be confirmed in 
its decision to proceed with the publication of a new Journal of Animal Ecology under the 
editorship of Mr C. S. Elton, with Mr A. 1). Middleton as assistant editor. During the year 
two numbers of the new Journal have been produced, appearing in May and November, and 
containing respectively 100 and 114 pages. The volume included 17 original papers, reviews, 
notes and notices of publications bearing on animal ecology, and the illustrations included 
nine plates. 

In spite of prevailing economic conditions there has l>een a very favourable response to 
the publication of the new Journal: at the end of 1932 51 members of the Society are taking 
both The Journal of Ecology and The Journal of Animal Ecology^ 62 are taking The Journal of 
Animal Ecology only, a total of 113 copies distributed to members {Journal of Ecology, 243). 
Direct sales by the publishers to non-members amount to over 70. The Society is grateful to 
the Royal Society for a further grant of £100 towards the cost of launching the new Journal. 

During the past year two numbers of The Journal of Ecology have been issued containing 
together 432 pages, supplements of 32 pages and 29 plates. A general index to the first 
20 volumejs of the Journal with a full citation of subjects is now in preparation and will be 
issued during the spring of 1933. (See separate leaflet enclosed in this issue.) 

The Society’s transplant experiments at Potteme are continuing satisfactorily under the 
control of Mr Marsden- Jones and Dr Turrill ; a second report of their juogress will appear in the 
second number of The Journal of Ecology for 1933. The thanks of the Society are due to the 
British Association for a grant of £5 in aid of these experiments. 

The Society has accepted from Mr W. B. Crump the generous gift of a collection of 
photographic negatives of British vegetation: from these lantern slides and prints will 
eventually be available for the use of members. 

Since the end of last year the meml>ership has risen from 242 to 305. Sixty -nine new 
members have been elected and six members have resigned. Of the new members five are 
receiving The Journal of Ecology alone, 49 The Journal of Animal Ecology alone and 15 are 
receiving both Journals. Eight old members have transferred from The Journal of Ecology 
to The Journal of Animal EcxJogy. Thirty-six old members of the society receive the new 
Journal as well as continuing with The Journal of Ecology. 

We regret to record the resi^ation of Prof. O. V. Darbishire, one of the original founders 
of the Society. H. Godwin. 

The meeting proceeded to the election of officers as follows : 

Vice-President: Dr A. J. Wilmott (retiring Prof. J. R. Matthews). 

Council members: Mr C. Oldham, Dr W. B. Tureill (retiring Mr 0. W. Richards, Mr V. S. 

Summeehayes). 

Hon. Editor of The Journal of Ecology: Prof. A. G. Tansley. 

Hon. Secretary: Dr H. GoDWiisr. 

The President having explained that under existing rules the Editor of The Journal of 
Animal Ecology was not an ex-officio member of the Council, it was agreed that the rules be 
amended to give him this status, the size of the Council being correspondingly increased by 
one. 
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The amended rules as agreed to are ; 

9. The Society is governed by a Council of fifteen Members, including the President, two 
Vice-Presidents, ty)o Hon. Editors, the Hon. Secretary and the Hon. Treasurer of the Society. 

11. The Officers of the Society are the President, two Vice-Presidents, the Hon. Treasurer, 
the two Hon. Editors and the Hon. Secretary. The President and two Vice-Presidents shall 
be nominated from among existing Members of the Couneil. The two Hon. Editors and the 
Hon. Secretary retire at the end of each year, but are eligible for re-election. 

16a. The two Hon. Editors are ex-officio Members of the Council. 

The vacancies in the Council caused by this change of rules were then filled as follows : 
Hon. Editor of The Journal of Animal Ecology : Mr C. S. Elton. 

Council Member: Dr T. W. Woodhead. 

The President then delivered bis address on “Mollusca and Man in Britain.” On th(^ 
proposition of Prof. Tansk^y a unanimous vote of thanks was given to the President for his 
extremely interesting address. 

Mr A. D. Cotton gave an account of the ecological conditions under which the tree 
Senecios of the African tropical mountains occur. All are water-loving sjjccies, but having an 
altitudinal range of 5000 ft. they are found under widely varying conditions. The lowermost 
species with thin leaves are ftjund at the uppermost limit of the rain forest. In the subalpine 
zone (or mountain mejulow) where there is exposure to sun and wind, one or more species 
occur whose leaves are more or less protected on the under side by a tomentum. The most 
striking species are those of the high alpine zone (12,000-14,000 ft.), which extend to the limit 
of the phanerogamic vegetation. Here hot sun by day alternates with severe frost at night, 
and cloud, rain, and hail iilternate with drying winds. The leaves of the uppermost species 
are thick, very large, and protected by a very thick tomentum and possess very copious oil 
vessels. 

Dr C. L. Hare spoke briefly of the morphological features shown on preliminary investiga- 
tion of the anatomy of some of the species referred to by Mr Cotton. They illustrated a 
rather striking combination of xeromorphic and hygromorphic features corresponding with 
the general character of their natural environment. 

After the adjournment for lunch the accounts for the year (see p. 227) were presented by 
the Treasurer and were adopted. It was proposed and carried that Messrs William Norman 
and Sons be reappointed Auditors to the Society, and a very hearty vote of thanks was given 
to Mr Boyd Watt for his care and skill in handling the finances of the Society. 

Prof. T. A. Stephenson gave an account of initial investigations of the marine ecology of 
the Cape Peninsula, pointing out how the interaction of the w arm Agulhas current and the cold 
Benguella current was apparently a major factor influencing littoral life, both animal and 
plant. This was illustrated by records of the physical conditions round the coast and of the 
difference in behaviour shown by Ecklonia, Caulerpa and other organisms under the influence 
of the two different currents. Results of the investigations of the biological and physical 
conditions of rock pools in the area were also given, 

Mr 1). Lack then read a pajier on habitat preferences of birds. During an investigation of 
bird distribution on the Breoklaud, particularly with regard to the changes due to the recent 
afforestation, it was foimd that birds were limited not only by their essential recpiirements, 
food, nesting sites, etc., but by the presence of certain conspicuous features of the habitat, 
such as a tree in the case of the tree pipit, which could not be correlated with any essential 
requirements. The demand for those could only be psychological, these features being the 
recognition marks of the habitat of the species concerned. Though these limitations might 
on occasion be successfully broken through, they were normally adhered to with great 
constancy. 
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i Prof. R. S. Adamson then described the vegetation of Robben Island, Table Bay, South 
Africa. Rabbits had been introduced there about a hundred years ago, although they were 
still not present on the mainland, and the island vegetation (which had not been much 
influenced by man) showed very considerable contrast with the natural vegetation of the 
mainland. Primary features of difference were the absence of shrubs which are dominant on 
the mainland and the peculiar open plant communities which under rabbit pressure have 
replaced them. Annuals make up a large part of the population, the few perennials being 
highly rabbit resistant. The rabbits exist through the dry season by feeding on the succulent 
leaves of a recently introduced shrub, Miaponuin, 

Dr H. Godwin read a paper by himself and Mr J . S. Turner on soil acidity and vegeta- 
tional succession at Calthorpe Broad, Norfolk. The vegetational succession from reed-swamp 
and fen, through carr to woodland, was shown to give a concentric; zonation round the broad 
with a soil-level increasingly higher above water-level, and a soil reaction increasingly acid 
from the broad outwards. The high soil a(;idities were correlated with the occurrence of 
acidiphilous spet;ies, and were attributed to the natural processes of soil development. The 
relation of such progressive soil acidification to climax vegetation was discussed, and it 
was suggested that although “Hoclimoor” certainly formed the climax in many parts of the 
west of England, in the east the evidence pointed rather to a deciduous forest climax of the 
mixed oak-wood type. 

The meeting adjourned for the tea provided by the generosity of the Botanical Depart- 
ment, and the meeting was closed by according a very hearty vote", of thanks to Prof. Salisbury' 
and his Staff for their liberal hospitality. 
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Supplenient XI 

BRITISH EMPIRE VEGETATION ABSTRACTS: 


TITLES AND ABSTRACTS OF PUBLICATIONS ON THE 
VEGETATION AND ECOLOGY OF THE OVERSEAS EMPIRE 
AND ON RELATED TOPICS 

(1) CANADA (Collaborator, J. E. Dandy) 

713. Linder, D. H. Brief Notes on the Helicosporeae with Descriptions of 
Four New Species.” Ann. Missouri Bot. Gard. 18, pp. 9-16. Figs. 1-2, 
Plate 2 (erroneously numbered 1). 1931. (1. 176.) 

In these notes on Helicosporeae (Fungi Imperfecti) the author reports Hdicosporiurn 
grimurn from North America for the first time, one of the specimens being from Canada 
(Toronto). Uelicorna ambiens is recorded from London, Ontario, whilst H. olivaceum and 
Helicoon ellipticurn are both reported from Winnipeg. 

714. Roush, Eva M. F. “A Monograph of the Genus Sidalcea.'' Ann. 
Missouri Bot, Gard. 18, pp. 117-244, Figs. 1-3," Plates 5-13. 1931. 
(1. 177.) 

The genus Sidalcea (Malvaceae), according to this monograph, is represented in Canada 
by a single species, S. Heiidersonii, which extends northwards from Oregon and WL4,shington 
into British Columbia, where it is found in the south of Vancouver Island and on the 
adjacent mainland. S. Hendernonii iKilongs to the section Perennes of subgenus Eusidalcea. 

715. Rydberg, P. A. Notes on Fabaceae— XIII." Bull. Torr. Bot. Club, 
57, pp. 397-407. 1931. (1. 178.) 

In this contribution Rydberg deals with the North American species of the genus Tiuniy 
a segregate from Astragalus. The only Canadian species is T. Druinnioindii (sect. Racewosa)^ 
which is distributed from Saskatchewan and Alberta southwards into the United States. 

716. Anderson, W. B. “A Sisyrinchium New to Canada." Gard. Chron. 
Ser. 3, 89, p. 219. 1931. (1. 179.) 

Olsyniurn {Sisyrinchium) inflatum (Iridaceae) is recorded from Canada for the first time. 
It was collected by the author in the vicinity of Adams Lake, south-eastern British Columbia. 
Previously the species was known from Washington and northern Idaho. 

717. Perry, Lily M. "‘'Contributions from the Gray Herbarium of Harvard 
University— No. XCIV. The Vascular Flora of St. Paul Island, Nova 
Scotia." Rhodora, 33, pp. 105-126, Map. 1931. (1. 180.) 

St Paul Island, which lies about 12 miles north-east of Cape North, Nova Scotia, is one 
of the smaller islands of the Gulf of St Lawrence. It is well known that at least portions 
of the Magdalens, Anticosti, and the Mingans, other islands in the Gulf at some distance 
from the mainland, escaped the Pleistocene denudation and consequently have been of 
particular interest phytogeographioally. Presumably St Paul also wuis far enough from the 
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mainland to continue unglaciated, except perhaps locally, and thus its flora too might offer 
some interesting relics. This possibility and the smallness of the island induced the author 
and Dr Muriel V. Roscoe to spend a month’s vacation there during the summer of 1929 
collecting botanical specimens. It was their aim to make a complete collection of the 
vascular flora of St Paul, but unfortunately they were unable to reach a small part of the 
island. Mica Head. In spite of this lacuna, however, the collection made was fairly repre- 
sentative of the flora of St Paul; it included about 2360 sheets of specimens, in all 418 
numbers embracing 160 genera and approximately 300 species and varieties. These, in 
large part, are common to the flora of Nova Scotia; some are found only in Cape Breton 
Island and St Paul, while others — 20 in all — ^were collected in the province for the first 
time and most of them illustrate definite range-extensions from the north. It is significant 
that these northern plants are characteristic of slightly or not at all glaciated regions in 
Newfoundland, Quebec, Anticosti, or the Magdalens; hence, if a parallel conclusion may 
be drawn, it seems not unreasonable to infer that St Paul also escaped denudation by the 
Wisconsin ice-sheet. 

The first part of Miss Perry’s paper consists of an account of the island (with map) and 
of the trip, with some description of the vegetation met with and mention of many of the 
more interesting plants. The remaining part takes the form of a systematic list of the 
vascular plants collected. In this list the twenty plants recorded for the first time from 
Nova Scotia fire marked with asterisks, and are as follows: 

Descha77bpsia flexiiosa var. nionfatm^ Fe.stucfi rubra var. arenuria^ Aijvopyron caninum var. 
Hornemannii, Carex (jynocrates, C. crinila var. muulmus, Ltizula mmpeMris vfir. coviom, 
Salix Vva-ursi, S, cordifolia var. calliairpma, Geocaulon livid um, Silene acaulis var. exscapa, 
X Pyrus Arsenei, Amelanchier Fertmldii, Samjuisorba canadetms var. laiifolia, Oxyiropis 
johammisis, Cormu's suecim, Vaccinmm Oxycoccus var. iniermediumy Rhinauthus groexi- 
landicuSf Utricul/iria ochroleiica, (Jampanula roltmdifolia var. alaslcana, and Solidago multi- 
radial a. 

718. Roscoe, Muriel V. ‘‘The Algae of St. Paul Island.” Rkodora^ 33, 
pp. 127-131, Figs. 1-2. 1931. {1. 181.) 

This paper gives an account of the algae collected by the author in St Paul Island during 
the same exj)edition as that dealt with in Abstract 717. The collection does not necessarily 
represent an inclusive list of the marine filgae of the island, though, sinc.e the accessible 
regions were also in the most protected areas, it is felt probable that fev^ forms escaped 
detection. The only fresh- water forms collected belong to the genus Batrachospernmm, and 
the abundance of B. vagurn in Ethel Lake, where it formed a dense growth over the rocks 
in shallow water, calls for special comment; a second species, B, tmmiliformey was discovered 
in the streamlet draining into Kay Cove. 

A list is given of thirty-nine species and varieties which have been identified. 

719. Juel, H. O. “The French Apothecary’s Plants in Burser’s Herbarium.” 
Rhodora, 33, pp. 177-179. 1931. (1. 182.) 

The author publishes an enumeration of the North American plants preserved in Burser’s 
Iiortus siccus, which is in the Botanical Museum at Upsala. C. Bauhin, in his Prodronms 
Theairi bota/nici (1620), described several plants which had been communicated to him by 
Burser who had received them from an unnamed apothecary in Paris, with the statement 
that they were collected in the country named Toupinambault in Brazil. Specimens of 
these plants, in addition to a few others from the same source, are inserted in Burser’s 
hortus siccus. On his labels the same statement is given about their origin, with the excep- 
tion of one plant (Trilliu7n) which is said to be from “Gallia nova,” that is, the colony 
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Nouvolle Franco” wliioh the French had founded on the St Lawrence River about the 
year 1608. Since, however, all the plants belong to North American species it may be 
assumed that they were all collected in Canada. Linnaeus, who made extensive studies in 
Burser’s hortus siccus, came to the same conclusion about the origin of these plants. 

720. Femald, M. L. '' Potentilla ainadensis and P. simplex.'' Rhodora, 33, 
pp. 180-191, Plates 214-215. 1931. (1. 183.) 

The nomenclature of two North American species of Fotentilla (Rosaceae) is here re- 
adjusted. Linnaeus’s name P. caruidensis should replace P. putnila, whilst the species which 
has been treated as P. canadensis in recent literature should be called P. simplex. The 
two species concerned both belong to the Canadian flora. Fernald fully revises f ncm, and 
according to his treatment P. canadensis is represented in Canada by the typical variety 
(var. typica), which extends into south-eastern Ontario from the eastern United States. 
P. simplex is represented in Canada by two varieties: var. typica, which inhabits south- 
eastern Canada and the eastern United States, and var. calvescens (a new variety), which 
ranges from Newfoundland and south-eastern Canada into the eastern United States. 

721 . F ernald , M . L . “ Pedicularis labradorica. ' ' Rhodora, 33, p. 1 93 . 1 93 1 . 
(1. 184.) 

The North American Scrophulariaceous plant which is generally known as Pedicularis 
etiphrasioides should l)e called by the earlier name P. luhradoricn, published by Houttuyn. 

722. Kennedy, R. B. ‘'Further Notes from Southwestern Newfoundland.” 
Rhodora, 33, pp. 207-209, Plates 210 217. 1931. (1. 185.) 

This comprises notes on plants collected by tlu* author from June 1st to September 15th, 
1930, along some of the salmon streams of south-western Newfoundland. Loniceia villosa 
var. tonsa. Aster panicalatns, Festuca longifoluiy and Hanunculus Ginelinii are recorded from 
Newfoundland for the first time, while Rubns Kennedyanus and It. pergralns var. lerrae-novae 
are described and ligured as new by M. L. Fernald. 

723. Fernald, M. L. Potaniogeion teRuifolius Raf.” Rhodora, 33, pp. 
209-211. 1931. (1. 180.) 

Fernald takes up the earlier name Polamoyeion lenuifolius in place of P. microstachys, 
and proposes the new combination P. ienuifolins var. subellipticus based on P. microstachys 
var. subellipticus. See Abstract 487 . 

724. Porsild, M. P. “On the 'Papillose’ Achenes in the Genus Antennaria.'' 
Rhodora, 33, pp. 213-222, Figs. 1-4. 1931. (1. 187.) 

The occurrence and taxonomic importance of “papillae” or aehenial hairs on the achenes 
of sj)eeies (including Canadian representatives) of Anlen/naria (Compositae) are discussed. 
Examples of the “papillae” are described and figured. 

725. Fernald, M. L. and Weatherby, G. A. “Some New Plants from the 
Gasp^ Peninsula.” Rhodora, 33, pp. 231-240, Fig. 1. 1931. (1. 188.) 

In this paper the authors give notes on some of the plants collected while botanising 
in Gasp6 County, Quebec, both on Mt St Pierre and on the more available talus slopes and 
olifEs from near Riviere ^ la Martre to Gros Morne. The trip took place in early July, 1931. 
Carex clivicola, Saxifraga cernua var. latibracteata (which occurs also in Baffin Island, 
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Keewatin, and Alberta), Ruhus idaeus var. eucyclus, and Astragalus scrupulicola are described 
as new. Amelauchier sanguinea var. gaspensis is raised to the rank of a species under the 
name A, gaspensis \ it is confined to the Gasp6 Peninsula and neighbouring parts of Quebec. 

726. Raup, H. M. Salix glauca and its Allies in the Athabasca-Great Slave 
Lake Region.” Rhodora, 33, pp. 241-244, Plate 218. 1931. (1. 189.) 

A large number of specimens of Salix glauca and its close relatives were collected in 
good fruiting condition by the author in the Athabasca- Great Slave Lake region during 
recent summers. The greater part of these fall definitely into one group and appear to be 
inseparable from the European S. glauca^ but three other groups are rather clearly segre- 
gated. Typical S. glaum, of wide range in Europe and North America, is confined to rich 
woods or the muskeg borders of lakes and streams. Most of the specimens of it are from 
the gently rolling upland west of the upper Slave River. S. glauca var. acutifolia, a well- 
marked form with a wide-ranging consistency in Alaska and the northern Cordilleran region, 
is confined to the rocky uplands of the pre-Cambrian country east of the Slave River 
district; it has a range somewhat similar to that of another willow common in Alaska and 
entering the Great Slave Lake basin, namely S. aluxensis. Although the acutifolia group is 
confined to the semi- barren rocky country, typical S. glauca grows in the least exposed and 
richest woods at the eastern end of Great Slave Lake. 8 . desertormn was collected on the 
bleak exposed rocky shores on the north side of McLeod Bay, Great Slave Lake, while 
8, hradiycmpa var. aniimima (a new combination based on 8, chlorolepis var. antifnirna) 
was seen only in the semi-open prairies and on the upper slopes of the Caribou Mountains 
west of the Slave River. 8. desertorum, however, may prove to be nothing more than an 
occasional dwarfed form of the woodland 8. glaum. Its rarity is attested by its sporadic 
occurrence in herbaria, although the regions in which it grows have yielded several other 
species of willows. It should also be noted that it has never been found in the extreme 
arctic regions, but only in districts ne^tr or in contact with wooded areas where 8. glauca 
occurs. 

727. Victorin, M. ''Ij Anachar is canadensis,'' Conlrih, Lab, Bat, Univ, 
MontrM, 18, pp. 1-43, Figs. 1-7. 1931. (1. 190.) 

In this contribution Victorin outlines and thoroughly discusses the confusion which has 
surrounded the taxonomy and nomenclature of Elodea canadensis (Hydrocharitaceac), a 
species which was originally described from the vicinity of Montreal. He concludes that 
this plant of south-eastern Canada should be referred to the genus Anacharis under the 
name A , mnadensis, and that the western form (occurring in Saskatchewan) which has been 
known as E, Flanchonii should be considered a variety of the same species, with the name 
A, canadensis var. Phnehonii (a new combination). The paper is in French. 

728. Rousseau, J. “Etudes floristiques sur la ri^gion de Matapddia 
(Quebec).” Mus. Nation, Can. Bull. 66, pp. 1-26, Fig. 1, Plates 1-2 A. 
1931. (1. 191.) 

In the summer of 1929 the author spent six weeks in botanical exploration of a region 
of Quebec adjacent to the Restigouche County of New Brunswick. The area studied lies in 
the Matane, Bonaventure, and Rimouski Counties of Quebec, and includes the valleys of 
the Matapedia and Patapedia Rivers with the intervening portion of the Restigouche. The 
species collected are set out in an annotated list; they include a new forma, EquisHum 
arvense var. horeale i, caespitosum (Equisetaceae), and a new hybrid. Anemone multifida 
var. hudsoniana x riparia (Ranunculaceae). The paper, which is in French, includes a map 
of the region dealt with. 
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729. Rousseau, J, “Notes sur la flore de la region de Saint-Urbain, Comtd 
de Charlevoix (Quebec).” Mus. Nation. Can. Bull. 66, pp. 26-30, Figs. 
2-3, Plate 2 B. 1931. (1. 192.) 

During the first week of July, 1929, the flora of the region of St Urbain (Charlevoix 
County, Quebec) was studied, particularly that of the Montague du Lac des Cygnes and 
the Montague des Ilets. Notes are given on the most characteristic species. Larix laricina f. 
depressa (Pinaceae) is described as new; it occurs also in other parts of Quebec and in 
Newfoundland. The most interesting plant is considered to be Carex capitata (C^yperaceae), 
and a map is given showing the distribution of this sedge in North Aineri(*.a. Another map 
illustrates the region visited. The paper is in French. 

730. Pugsley, H. W. ^ A New Juneus in Scotland.” Joiirn. of Bof, 69, 

pp. 278- 284, 1 Fig. 19:11. (1. 193.) 

Juricua Marshallii (Juncaceae) is described and figured as a new spc^cies. The t>^e is 
from Scotland, but the species is said to occur also in Newfoundland. 

731. Dowding, Eleanor S. ‘‘Floral Morphology of Arceiithohium ameri- 
canumy Boi, Oaz. 91, pp. 42-54, Figs. 1-11. 1931. (1. 194.) 

An account of the floral morphology of the parasitic phanerogam Arceuthobrum arneri- 
caniim (Loranthaceae), which infects the soft pines in Canada and the United States. The 
ecology of this parasite in central Alberta was dfialt with by the same author in 1929. See 
Abstract 388. 

732. Atkinson, G. F. “Notes on the Genus Lernanea in North America.” 
Bot. Gaz, 92, pp. 225-242. 1931. (1. 195.) 

Lejnanm (Ijt'maneaceae) is a genus of fresh-w^ater Rhodophyceae. The only (.'anadiari 
form dealt with in this paper is L.fucina var. rigidu, which belongs to the section Sacheria 
and is widely distributed in North America; material of it is cited from Ontario, New 
Rrunsw^ick, Newfoundland, Nova Scotia, and British (blumbia (Vaneouv^er Island). 

733. Haddow, W. R. “Studies in Ganoderma,'' Journ, Arnold Arh. 12, 
pp. 25- 46, 1 Fig., Plates 29 30. 1931. (1. 196.) 

This includes a review of the taxonomic history of the genus Ganoderma (Polyporaceae) 
and an account of studies on four of its species. Of the species studied three are found in 
Canada; these are O. nregonenae, G. lucidum, and (j. sessile. 

734. Palmer, E. J. “Conspectus of the Genus Aniorpha.'' Journ. Arnold 

12 , pp. 157-198, 2 Figs., Plate :16. 1931. (1.197.) 

A revision of the genus Avvorplm (Leguminosae), with a key to the species, varieties, and 
formae. Three of the species are represented in Canada: A, canescens (typical), A. naria, 
and A. fruticosa (var. amjvstifolia). 

735. Cummins, G. B. Ph rag midiurn Species of North America: Differ- 

ential Teliospore and Aecial Characters.” Mycologia, 23, pp. 433-445, 
Plate 32. 1931. (1. 198.) 

Nineteen North American species of Phragmidium (Pucciniaceae) are recognised. The 
paper includes two keys to these species, one based on aecial characters, the other on 
teliospore characters. 
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736. Koch, L. W. ‘'Spur Blight of Raspberries in Ontario caused by 
Didymella applanata,^* Phytopathology, 21, pp. 247-287, Figs. 1-11. 
mi. (1. 199.) 

“Spur blight” (often referred to also as “cane blight”) is a fungous disease of raspberries, 
caused by Didymella applanaia (Sphaeriaceae). It is prevalent in the Niagara Peninsula 
and is gradually becoming a problem of importance to the growers of that district, 

737. Atwell, E. A. “Occurrence of in Ccanada.’’ Phyto- 

pathology, 21, p. 761. 19e31. (1. 200.) 

Cadophrora fasfigiafa, a recently described fungus, is reported from Canada. It was 
isolated by the author from stained sapwood obtained in Canada from the following 8j>ecies: 
Picea canudensis, Pinns slrohus, P. Banksiana, and Psewlolmga taxifolia. 

738. Brinkman, A. H. “Lichens in Relation to Forest Site Values.” Tim 
Bryologist, 34, pp. 66-71. 1931. (1. 201.) 

In 1928 and 1929 the author was one of a small party consigned to do forest research 
work: to find out whether Cajander’s “theory of forest types” was applicable to (Canada. 
The ground covered was the western part of the province of Alberta, extending from near 
Crow’s Nest Pass in the south to Lesser Slave Lake in the north. Most of the work was 
done in the more northern regions. Here the great forested areas are almost continuous; 
they are situated at a much lower altitude, and have generally a greater rainfall. The 
botanical ground covered included the flowering plants, mosses, hepatics, and lichens; in 
Brinkman’s paper the lichens alone are dealt with. 

The lichens studied are purely sylvicolous. none being gathered outside the range of the 
forests, and very few higher than 6 ft. from the ground. Even under these limiting circum- 
stances the list is rather a considerable one. As the main purpose was to discover just which 
licliens had a bearing on the problem in hand, all were collected, but as the work progressed 
it became increasingly apparent that only a part of those collected had any hearing. For 
with lichens, as with flowering plants, some species are found to range through the whole 
gamut of forest types and so can have little significance for the present purpose. Thus 
PeUigem was found to range from the lowest to the highest forest type, but whether 
P, aphtJiosa and P. ranina have a tendency to occupy different site values the author 
cannot say. There is undoubtedly a strong tendency for the broad deep-green forms to 
occupy the better sites, and the small somewhat shrunken greyish forms to abound on the 
poorer sites. Likewise the genus Parmelia does not seem, at present, to have much bearing 
on the subject, though a closer study of a few of the more commonly occurring species may 
yet show them to have some indicating value. 

The list of species finally selected as having value was found to correspond pretty closely 
to that given by Tlvessalo of Finland. Those having most bearing on the subject were used 
in drawing up the two plot tables which accompany the paper and which are discussed by 
the author. It was finally concluded that the genus Cladoiiia (as represented by C. rangi- 
ferinu, C. alpestris, and C. syhxitica with their nearest allies), Cetraria islandicu, Siereocaulon 
paschale, and possibly Icmadophila ericetorum (when common enough) had significance. 
The group of Oladonias mentioned were found to be plants of the poorer forest site valuer ; 
this was also true of the Siereocaulon and Cetraria ; they were found to be occupants of sites 
of medium or low quality value. Cladonias occupying rotteji logs were found on the medium 
to good sites. In the highest quality sites lichens were frequently absent, at least those 
spoken of above which were used as indicators. 

At the end of the paper is given an alphabetical list of lichens of the western forested 
part of Alberta. This includes 54 species. 
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(2) SOUTH AFRICA (Collaborator, A. W. Exell) 

739. Barker, W. “ Lachenalia Mathewsii.'’ Flowerin.g PI. S. Afr. 11, 
PI. 422. 1931. (2. 135.) 

This now species of Liliaceae was found growing on damp ground near V^redeberg, 
Malmesbury Division, South Africa. 

740. Barker, W. '' Massonia Bolusiae.^' Flowerinq PL S. Afr. 11, PI. 429. 

1931. (2.136.) 

Massonia Bolu.n(ie (Ijiliaceae) is a Karroo species from near Middelburg. 

741. Verdoom, I. G. '' Tulhcighia fragrans.'" Flcmering PL S. Afr. 11, 
PI. 438. 1931. (2. 137.) 

TiillHighiafraqran^^ (Liliaceae) is a native of the Lydenburg district, Transvaal. 

742. Verdoorn, I. G. '' Caralluma ubomhoensisP Flowering PL S. Afr. 12, 
PI. 443. 1932. (2. 138.) 

This new member of the Asclepiadaceae was collected in the IJbombo Mountains, Natal. 

743. Phillips, E. P. '' Stapeliomis Cooperi.'' Flowering PL S. Afr. 12, 
PI. 445. 1932. (2. 139.) 

The? new genus Sttrpeliopsis (Asclepiadaceae) has affinities with both Sfapelia and 
Carall tona. The only species described is based on Stapelia ('ooperi N.K.Br. 

744. Verdoorn, I. G. '' Huernia hicanipamdata.'^ Flotecring PL S. Afr. 12, 
PI. 449. 1932. (2. 140.) 

H tternia hicatu pa n niata (Asi^epiadaceae) grows among loose boulders and between stones 
under thorn trees. It is found in the Pietersburg district, IVansvaal. 

745. Phillips, E. P. '' Huernia Vogtsii.^' Flowering PL S. Afr. 12, PI. 452. 

1932, (2. 141.) 

This species is from the Rustenburg district, Transvaal. 

746. Phillips, E. P. '' IJuernia confusa.'' Flowering PL S. Afr. 12, PI. 456. 
1932. (2. 142.) 

//. ro7ifum grows along the edge of rocky outcrops near Haenertsburg, I*ietersburg 
district, 4 Vans v aal . 

747. Phillips, E. P. '' Ewphorhia maleolensi*' Flowering PI. S. Afr. 12, 
PI. 459. 1932. (2, 143.) 

748. Phillips, E. P. and Letty, G. “Stapelia farcipis.” Flowering PI. 
S. Afr. 12, PL 460. 1932. (2. 144.) 

This new species of Aselepiadaceae. is a native of tlie Port Eli7.al)eth district of the Cape 
Provinee. 
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749. Rendle, A. B. “African Notes. IL” Journ. of BoL 70, pp. 73-78. 
1932. (2. 145.) 

A list is given of the more interesting species collected during a visit to Africa. Several 
new species are described including one, Senecio {Kleinoidei) camoaulifoliuB S. Moore, from 
the Knysna district, South Africa. 

750. Baker, E. G. ‘"New African Species of Leguminosae.” Journ, of Bot, 
70 , pp. 251-255. 1932. (2. 146.) 

Lotononis (Krehsia) Brierleyae from the Orange Free State is the only species described 
from South Africa. 

751. “Novitates Africanae.” Jowm. o/5o^. 70, pp. 282-287. 1932. (2.147.) 

A new species of Oxalis is described by T. M. Salter and new species in the genera 
Orassul-a, Agatlwsma (Rutaceae), Acmadenia (Rutaceae), and Dicoma (Compositae) are 
described by R. H. Compton. 

752. Brown, N. E., Tischer, A. and Karsten, M. C. Mesembryanthema, 
Pp. i-xxvi + 1-323, Prontisp., Plates 1 and 2, Figs. 1-167. 1931. (2. 148.) 

The book includes a chapter on the ecology of the Mesembryanthema contributed by 
Miss M. C. Karsten in which free use has been made of previous publications of R. Marloth 
and K. Dinter on the same subject. A chapter by Dr Tischer is devoted to the cultivation, 
while Dr N. E. Brown is responsible for the description of the species each of which is 
accompanied by a photograph. Most of the illustrations are of cultivated plants but there 
are several showing the habitats of the species. 

753. Davy, J. Burtt. A Manual of the Flowering Plants and Ferns of the 
Transvaal with Swaziland, South Africa, Part II. Malvaceae to Umbel- 
liferae. Pp. i~xxxvi + 273-529, Figs. 41-80. 1932. (2. 149.) 

In this further part the author has had the assistance of specialists in the elaboration 
of certain genera. Preceding the enumeration of the families there are published diagnoses 
of the new species and varieties and also a number of new combinations. 

754. Bolus, L. “Plants New and Noteworthy.’’ S, Afr. Gard, and Country 
Life, 22, pp. 57, 59, 83-84, 88, 109-110,' 137, 143, 229, 232, 243, 253, 

‘ 275-276, 277, 6 Figs, and 6 Photos. 1932. (2. 150.) 

In this series new species are described in the following genera: ( Amaryllida- 

ce&e), Balnana^ (Iridaceae), Brunsungia (AmaryllidaceEie), (Amaryllidaceae), 

Ferraria (Iridaceae), Qeissorhim (Iridaceae), Gethylis (Amaryllidaceae), Kaempferia (Zingi- 
beraceao), LitJiops (Aizoaceae), Moraea (Iridaceae), Nerine (Amaryllidaceae), Ornithogalum 
(Liliaceae), Pachypodium (Apocynaceae), Pelargonium (Geraniaoeae), Sarcocaulon (Gerania- 
ceae), and Sparaxis (Iridaceae). 

755. Hutchinson, J. Erythrophysa alata,^^ Bull, Misc, Inf, Kew, pp. 
I49-15I, I Fig. 1932. (2. 151.) 

Fagara alata Eokl. and Zeyh. is shown to antedate Erythrophyaa undulata E. Mey. 
(Sapindaceae) which becomes E, alata (Eckl. and Zeyh.) Hutch. 
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756. Stent, Sydney M. “Notes on African Grasses. XII.” Bull. Mine. Inf., 
Kew, pp. 161-152. 1932. (2. 152.) 

Anthephora aequiglumis Goossens from the Orange Free State is referred to a new genus 
Tarigidia which is regarded as related to Digitaria Hall. 

757. Dyer, R. A. “ Notes on the Flora of Southern Africa.” Bull. Misc. Inf.. 
Kew, pp. 152-155. 1932. (2. 153.) 

The following points are noted: Pavonia BurchelUi (I)C.) Dyer (based on Althaea 
Burchellii DC. and including Pavonia Krauasiana Hochst.); Pavonia Meyeri Mast (P. ca)Iu~ 
mella Auct.) is distinct from the true P. columella of Bourbon; Corchorus arenicola Hochr. 
is reduced to C. aspleniifoliu^ Harv. ; Hermannia steMulata, (Harv.) K. Schurn. said to be 
from Bechuanaland not Grahamstown; H. jacobeifolia (Turez.) Dyer a new name for 
H, bipinnata (Linn.) Glover non Burchell; H. resedifolia Dyer is separated from H. jacobei- 
folia; some South African Statices are referred to Limoniurn Mill. 

758. Phillips, E. P. '^Inezia, a new genus of Compositae from South 
Africa.” Bull. Misc. Inf., Kew, pp. 297-298. 1932. (2. 154.) 

Inezia is based on LidbexMa integrifolia Klatt; it is allied to Lidbeckia. 

759. Bolus, L. “New South African Iridaceae.” Bull. Misc. Inf, Kew, 
pp. 326-330. 1932. (2. 155.) 

Homeria odorata, Hexaglottis nana, Watsonia. Ryderae, W. Kniiliae, W. paucifiom, 
W. Htdehinaonii, IT. Leijioldtii, W. Archbelliae and IT. Coniptonii are described as new'. 

760. Summerhayes, V. S. “African Orchids.” Bull. Misc. Inf., Keiv, 
pp. 338-344. 1932. (2. 156.) 

Habenaria Dinteriana Kraenzl. is reduced to H. arinatiaaima Robb. f. 

761. Schuurman, J. F. M. “A Seasonal Study of the Microflora and Micro- 
fauna of Florida Lake, Johannesburg, Transvaal.” Trans. Roy. Soc. 
S. Afr. 20, pp. 333-386. 1932. (2. 157.) 

The plankton of this shallow artificial lake was studied and a marked seasonal variation 
found. A list of 50 species identified by Miss F. Rich is published. 

762. Young, Elaine M. “The Parasitism of Harvey a speciosa Bernh.” 
Trans. Roy. Soc. S. Afr. 20, pp. 387-397, Figs. 1-10. 1932. (2. 158.) 

The authoress reduces C. A, Smith’s H. aniaodonta on the grounds that the ovary is 
always glabrous and was wrongly described by Hiern. She notes that this sjieeies has 
several hosts, Berkheya radula (Harv.) Burtt Davy, Conyza podocephaUi DC., Haphycarpha 
acapoda and a grass. 

763. Lavis, M. “A new Conophytum from Namaqualand.” S. Afr. Gard. 
and Country Life, p. 257, 1 Photo. 1932. (2. 159.) 

Conophytum approximatum (Aizoaceae) is described from specimens collected near 

Springbok, Little Namaqualand. 
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(3) AUSTRALIA AND TASMANIA (Collaborator, V. S. Summerhayes) 

764. Lucas, A. H. S. ‘'The Caulerpas of Victoria.’' Victorian Naturalist, 
Melbourne, 48, pp. 84-93, 6 Text-figs. September 8th, 1931. (3. 63.) 

Sixteen species of the genus are recorded from Victoria. Short descriptions of all are 
given, while a key is provided to the five species of Section Hippnroideae. Notes on distri- 
hution and habitat are added for most species. 

765. Osborn, T. G. B., Wood, J. G. and Paltridge, T. B. “On the 

Autecology of Slipa nitida, a study of a Fodder Grass in Arid Australia.” 
Proc. Linn. Soc. New South Wales, Sydney, 56, pp. 299-324, Plate 18, 
14 Text-figs. October 15th, 1931. (3. 54.) 

The investigations described in this paper were carried out at the Koonamore Vegetation 
Reserve in the north-eastern district of South Australia. 

Stijm nitida is the most important fodder grass in the north-east of South Australia. 
Plants only reach full maturity, forming large tussocks, on sandy or sand -loam soils. On 
such soils the species may form a constituent of any of the major communities in arid 
South Australia. The root system consists of a fairly compact surface-rooting portion and 
a more diffuse deeper-rooting part extending to a depth of over 40 cm. By means of this 
double root system the plant is al)le to utilise light falls of rain that wet the surface soil 
only, in addition to tapping the deeper water reserves of the soil. The ideal seed-bed is of 
sand. Litter, consisting of the dead remains of other herbage, plays an important part in 
entangling the fruits of the grass. Seedlings fail to reach maturity on hard loamy soil. Tlie 
percentage germination of the seed is low. Laboratory experiments have shown that the 
soil must be saturated and that light is a factor. Observations show that germination in 
the field is best following late summer rains. 

The influence of grazing has been studied by means of quadrats both inside the Reserve 
and also in the adjaceiit paddocks. By utilising '‘ind(»x numbers” which express the ratio 
between the plants growing inside or outside the Reserve and the total number of plants, 
it has been shown that the balance between the plants inside and outside the fences has 
l)een seriously affected by the combined effects of grazing and drought during the period 
of the investigation. It is shown that the intense drought conditions are not the only 
adverse factors affecting the grass outside the Reserve. Sheep have a profound effect by 
killing potential seed plants through trampling and grazing, and the bare soil thus formed 
becomes very unstable. Heavy rain or wind removes this and leaves a hard loamy soil un- 
favourable for germination of the grass. (Weful control of grazing during drought periods 
is necessary to maintain an adequate population of S/vpa nitida. 

766. Thomas, L. A. “The Re-advancement of the Vegetation over the 
Mined Areas of Bendigo.” Proc. Roy. Soc. Victoria, Melbourne, 44, pp. 
77-91, Plates 9 and 10, 3 Text-figs. February 29th, 1932. (3. 55.) 

The area dealt with is about 700-800 ft. above sea-level. The mean annual rainfall is 
about 21 in., and falls mostly during the winter. Droughts occur occasionally. The normal 
soil is derived from Ordovician strata, and consists of stiff clay or hungry sands. There is 
also alluvium in the river valleys. The deposits following mining consist of heaps of un- 
weathered quartz, etc., and finer material obtained after crushing for gold extraction. Both 
these deposits arc unfavourable for plants. The natural vegetation of the area is an open 
Eucalyptus forest dominated by E. sideroxylon, E. polyaniihemos and E. macrorrhyncha. 
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A list of the species forming the community is given. Each dominant also occurs in places 
as a pure consociation. E. viridis^ a plant characteristic of areas with lower rainfall, occurs 
in certain belts. The main stratum societies are formed by (Jassinia arcmta, a shrub about 
3-8 ft. high, and species of Jmicus. 

As a result of mining operations the original vegetation has been destroyed in most 
places. Mining was suspended sixteen years ago and now the bare areas are being re-invaded 
by the plants around. An intensive study of this invasion was made in a valley about 
three miles long. The chief invader of the mined areas is Cassinia arcnafa, other important 
species being Acacia pycnmitha, Vittadinia australis and Me.lahuca decussala. The conditions 
governing the spread of the Acada are discussed. Another abundant species is Jvncus 
palliduSy which forms extensive societies on almost all kinds of soils. Other species of J uncus 
also occur, but usually only in damper places. There seems to be no long succession of 
serai communities. The dominant shrubs and herbs of the Eumhjptus forest are merely 
re-establishing themselves in the absence of the trees, which show little sign of invading 
the areas. 

767. Cunning'ham, G. H. ‘'The Gasteromycetes of Australasia. XIV. The 
Family Tulostomataceae.” Proc. Linn. Soc. New South Wales Sydney, 
57, pp. 27- 39, Plate 1, 7 Text-figs. May 16th, 1932. (3. 56.) 

This family includes five genera and nineteen sjhmucs in Australasia. A key to the genera 
is provided, and also descriptions of all the species except those of the genus Tulostoma, 
which has been dealt with in a previous paper. An artificial key to the species of this genus 
is given instead. 


(4) NEW ZEALAND (C’ollaboratok, V'. 8. Sommerkaves) 

768, Meindoe, K. G. "An Ecological Study of the Vegetation of the 
Cromwell District, with Special Reference to Root Habit.’’ Trans. New 
Zealand Institute^ Wellington, 62, pp. 230 266, Plates 38 41, 3 Maps, 
17 Text-figs. March 31st, 1932. (4. 40.) 

The area studitxl lies in the upp(*r (-lutha Valley of Central Otago. The mean annual 
rainfall is about 15 in. distributed evenly throughout the year, but owing to differences in 
evajioration the soil is wet during the winter and dry during the summer. The temperatures 
are very high during the summer, while during the winter the ground is often frosi-bound 
for considerable jx^riods. Violent dry north-westerly winds are not infretjuent in the summer. 
On either side of the valley are mountain ranges from 5(RK) -6000 ft. in height. The soil is 
of varying depth and nature, but is on the w^hole very fertile. Much of it is extremely 
porous and rain is rapidly absorbed. 

Most of the communities below^ 3000 ft. owe their nature to the influence of fire, sheep 
and rabbits. The original tussock grassland in many places has been replaced by the 
xerophytic Raoulia lutescens. Above 3000 ft. the greater rainfall has enabled the grassland 
to survive. The area can be divided into four main regions according to the vegetation. 

(1) The lower slopes of the Dunstan Range. Here Raoulia lutescens is dominant. In 
the spring a number of small annuals appear betwwn the Raoulia cushions. A few' small 
shrubs occur scattered over the slopc^s. 

(2) The lower slopes of the Pisa Range. These face south, and here the tussock grasses 
Pmi caespitosa and P. Colensoi are dominant. Raoulia occurs only on dry ridges. 
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(3) The river bottom terraces. On the absorbent gravels of this area only scattered 
Raoulia plants, certain small annuals and a few mosses and lichens are found. Poa caeapitosa 
is absent, 

(4) The Cromwell sandy flat. Poa caespitosa is usually dominant on the drifting sand 
covering this area, but Raoulia predominates where the sand layer is lacking or is less than 
6-9 in. deep. 

The root systems of a number of the moat important species were examined by means 
of the trench method. The leaf anatomy of some of these was also investigated. The rela- 
tionships of these root systems to the soil conditions is discussed. Tn three species both 
superficial and deep absorbing root systems were produced. 

769. Cockayne, L., Simpson, G. and Scott Thomson, J. ‘'Some New 
Zealand indigenous-induced Weeds and indigenous-induced modified 
and mixed Plant Communities.” Journ. Linn, Soc, London, Botany, 
49, pp. 13-44, Plates 3-7. June 23rd, 1932. (4. 41.) 

The authors show that the belief that indigenous plants are unable to comj>ete success- 
fully with introduced plants in any habitats in New Zealand is an error. On the whole the 
introduced species are restricted to areas where the natural contiitions have been profoundly 
disturbed by man or his grazing animals, whereas the indigenous species predominate on 
undisturbed areas. The exotics also become less important as the altitude increases. In 
some cases in disturbed areas indigenous species have become troublesome weeds, while in 
others quite new communities composed of indigenous species have been formed. These 
are termed “indigenous-induced” weeds and communities respectively. The conditions 
leading to the appearance of such are discussed and many examples are given. In certain 
areas indigenous-induced communities have replaced those formed of exotic species, while 
the invasion of communities of introduced plants by indigenous species is taking place in 
many other localities. 

770. Cockayne, L. and Sledge, W. A. “A Study of the Changes following 
the Removal of Subalpine Forest in the Vicinity of Arthur’s Pass, Southern 
Alps, New Zealand.” Trans. Linn. Soc. London, Botany, 49, pp. 115-131 , 
Plates 20 and 21. September 30th, 1932. (4. 42.) 

The area dealt with lies at 850 ft. altitude in the upper Bealey Valley. Twenty-four 
years ago the subalpine Nothofagus clijfortioides forest was burnt and new communities 
have since been developed. A description of the original forest is given, followed by that 
of the new communities. The chief vegetation consists of a mixture of herbaceous plants 
and dwarf shrubs with isolated shrubs or groups of shrubs scattcjred about. This “Shrub 
herb-field” can be divided into shrub-land, herb-field and bogs. The chief shrubs are 
Dracophyllum longifoliurn and Cassinia V auvilliersii. Noifiofagus cliffortioides is rare and 
shows no indication of future re-dominance. A list of all the vascular plants in the new 
areas is provided together with their habitats and frequencies. The chief mosses and lichens 
are also listed. 

(7) INDIA, BURMA AND CEYLON (Collaborator, R. J. D. Graham) 

771. Parker, R. N. “A Burmese climbing Bamboo. Klenmchloa R. N. 
Parker gen.nov.” Lndian Forester, Allahabad, 58, pp. 7-9, Plate 1. 
January, 1932. (7. 158.) 

Klemachloa detinens, a new species of a new genus of Bamboo belonging to the Eubam- 
busae is described. 
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772. De, R. N. “A trip down the Simsang valley of the Garo Hills.” Indian 
Forester, Allahabad, 58, pp. 36-39, Plates 2 and 3. January, 1932. 
(7. 159.) 

A brief description of an area in Assam in which Sal is the main crop on the hill tops, 
Odina wodier and ScMnia WallicMi occurring where the Sal is unprotected, but evergreen 
forest with Mesua ferrea, Isonandra polyantha, (Jynometra polyamlra occurs in the valleys. 
Nepenthes is recorded from this area. 

773. Singh Sher. '‘A note on the regeneration of Deodar in the Udil Kange, 
Ram ban Division, Tammer, with special reference to the eradication of 
Pohu (Parrotia jacquemontiana)'' Indian Forester, Allahabad, 58, pp. 
75-81. February, 1932. (7. 160.) 

The advantages of the Shelterwood system over the selection system in the deodar 
forests of Kashmir are emphasised. The success of the first system is stated to depend on 
the eradication of Pohu. The method recommended is killing of standing trees by burning 
debris at their base. Retention of Pohu is however advocated by Jamwall (781). 

774. De, R. N. ‘'Taungya in the Garo Hills, Assam.” Indian Forester, 
Allahabad, 58, pp. 93-99, Plates 5 and 6. February, 1932. (7. 161.) 

A detailed account of working a system for regeneration of Sal associated with the 
cultivation of cereal crops. 

775. Champion, H. G. “ The mode of growth of Alstonia scholaris R.Br.” 
Indian Forester, Allahabad, 58, pp. 123-124, Plate 7. March, 1932. 
(7. 162.) 

An illustrated account of the peculiar sympodial growth in the stem of this tree. 

776. Raizada Mukat Behari. “ New Indian Species of Forest Importance.” 
Indian Forester, Allahabad, 58, pp. 133-140. March, 1932. (7. 163.) 

species are listed. 

777. Smythies, E. A. “Sal and its regeneration in the United Provinces.” 
Indian Forester, Allahabad, 58, pp. 196-120. April, 1932. (7. 164.) 

An historical summary of the conflicting views on methods for Sal regeneration is given 
and the suggestion that Sal must usually be regarded as a stage in the progression of an 
area is used to reconcile discordant recommendations. 

778. Garland, E. A. “Succession among the grasses of the Deccan trap 
dry mixed deciduous formation and its use in sub-classification.” Indian 
Forester, Allahabad, 58, pp. 221-224. April, 1932. (7. 165.) 

Colonisation of Deccan trap with rainfall between 60 and 20 inches can be subdivided 
into six stages. (1) Much bare rock and earth thinly covered wath Aristida spp. and some 
Amlropofjon contortus, Andropogon rnonticola on deeper soil deposits. Few xerophytic 
shrubs. (2) Andropogon contortus increases largely associated with A. nionticola. Aristida 
spp. stiU present. Shrubs and dwarf trees under 6 ft. “Lantana” apt to become in\^asive. 
Apluda varia appears under shrubs. (3) A ndropogon contortus co-dominant w ith A . rnonticola 
and A. pertiisus, Apluda varia sub-dominant. Tree species average 12 ft., Bos-wellia serrata 
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is the only or principal representative. Shrubs may or may not have spread. (4) Andropogon 
contortus definitely dominant and A. monticola and pertumis co-dominant with IscJmemum 
laxurn or I. mlcaturn. Tree species, teak on reddish soils and Anogeissus laiijolia on grey 
friable soil, average 20 ft. Tree canopy forming in favourable sites. (6) Anthistiria ciliata 
appears and Andropogon contortus disappears. Tree species average 30 ft. and suppress 
shrubs. Marked increase in natural regeneration of tree species, especially Terminalia 
iormnlosa, (6) Closed tree canoj^y of mixed deciduous trees averaging 30-60 ft. Shrubs 
have disappeared. Anthistiria ciliata strongly dominant in open glades. 

779. Singh Bahadur. “Irrigated plantations in the Punjab.” Indimi 
Forester^ Allahabad, 58, pj). 247-251, Plates 10 and 10 a. May, 1932. 
(7. 166.) 

A general account of the establishment of plantations of Dalhergia Sisstx) to replace arid 
scrub forests containing Prosopis sjneigera, Capparis aphylla and Tarnarix articalata. 

780. R. M. G. “‘Paget M.P.’ looks at Sal.” Indian Forester^ Allahabad, 
58, pp. 255-261, Plates 11 and 12. May, 1932. (7. 167.) 

Reference is made to 8al regeneration by natural ecological development as advocated 
by Davis ( 669 ) and Chahirvedi ( 670 ) and to that by “Taungya” described by Bhola and 
Hussain ( 695 ). Recommendations for limiting damage by deer and for the use of cover 
crops, amongst others Tephrosia carididuy are given. 

781. Jamwall, H. S. “The eradication of Parrotia jacqitimo^^^ from ^ 
the Conifer Forests of Kashmir.” Indian Forester, Allahabad, 58, pp. 
317-322. June, 1932. (7. 168.) 

Arguments are put forward on sylvicultural and economic grounds for the retention of 
this, the only deciduous shrub in the Kashmir Conifer Forests. Eradication is rfHJommendi‘d 
by Singh ( 699 ). 

782. Dastur, R, H. and Cooper, R. E. “The osmotic and suction pressures 
of the rice plant, Oryza saliva L., when treated with salts. A method of 
determining the salt requirements of plants.” Ind. Journ, Agri, Sci. 
Calcutta, 2, Part 2, pp. 99-137. April, 1932. (7. 169.) 

Changes in osmotic and suction pressures of roots and leaves of rice in cultures with 
ammonium sulphate and potassium nitrate are recorded as higher in the case of aminonium 
sulphate. Chemical analysis showed absorption of the ammonium and sulphate ions whereas 
only traces of the nitrate ion were absorbed. Confirmatory tests were obtained in pot 
cultures in soil and pure sand. 

Single salt cultures in calcium sulphate and potassium sulphate showed higher values 
with calcium, the calcium being absorbed. Cultures of rice, Tradescantia zebrina and Zea 
mays, showed a rise in the presence of required salts and a depression in its absence. It is 
suggested that the most essential of the salts required by plants can be determined by 
changes in the osmotic and suction pressures of their roots and leaves. 

783. Blatter, E. and Millard, W. S. “Some beautiful Indian Trees.” 
Journ, Bombay Nat, Hist, Soc, 35, pp. 525-529, Col. plates 16 and 16, 
Plates 16 and 17, Text-fig. 6. February, 1932. Pp. 824-825, Col. plate 17, 
Plate 18, Text-fig. i July, 1932. (7. 170.) 

Sterculia colorata, Lagerstroemia flos-reginae and Cordia aebeatena are illustrated and 
described. 
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(8) TROPICAL AND NORTH AFRICA (Collaborator, E. Milnk-Reohead) 

784. Chipp, T. F. “The Vegetation of Northern Tropical Africa.” Scottish 
Geographical Magazine, 47, pp. 193-214, 4 Plates, 4 Maps, 1 Figure. July, 
1931. (8. 84.) 

The West African Botanical Region here being considered, has two endemic floras, that 
of the Sudan, an open-country flora, and that of the West African and Congo forests. These 
great tropical forests may be looked upon as the greatest developments of the vegetation 
in Africa. Centering on the Cameroons they stredeh out east, north and west, giving place 
to a more open type of vegetation as more arid conditions obtain. 

The natural factors which operate over the West African Botanical Region are con- 
sidered. Firstly the climate, the chief features of which ar(? the steivdy north-east trade 
winds which arc very dry, and the periodic monsoon from the Culf of Guinea which is 
moisture laden. The heaviest rainfall is therefore around the Gulf of Guinea, and there is 
a gradual diminution of rain as one proceeds inland, until one reaches the Sahara desert 
where the desiccating north-east trade winds predominate. Further climatic information is 
given together with some diagrammatic climate charts. Secondly the most prominent edaphic 
factor is mentioned, namely the amount of soil moisture. Thirdly the physiographic factor is 
shown in the local climates created by the great mountain masses, such as the Cameroons 
Mountain. 

The chief climatic tyjK^s of vegetation are then considered. (1) The (Jlosed Forest, 
which was at one time more extensive than it is now, covers a large part of the Congo 
basin, and then stretches nortliwards at its optimum devehiprnent through the Cameroons 
and into Southern Nigeria, and int-ermittently as far west as Sierra Leone. The Fringing 
Forests of the rivers are said to be one piece of evidence as to the former extent of the 
Closed Forest. (2) The ( irass- woodland is the next tv}K‘ of vegetation, and it circks round 
the Closed For(‘sts and is an expression of diminished precipitation. It is not so homo- 
geneous in its composition as is the Clo.sed Fon'st, and in the definite dry period it is swept 
by fires which tend to destroy its natural wealth. (3) I'he Thorn Scrub, still farther north, 
is the last great vegetational belt. Like the Grass- woodland, this belt extends right across 
Africa from the Atlantic to tlu^ Abyssinian Iflateaii. (4) The Fjihemeral Grass-Herb vege- 
tation is t hat of the desert region, and onl\' .spring.s into life aft(*r one of the rare showers, 
it is composed of herbs which are able to mature their fruit in a fev days. 

Edaphic typtNS of vegetation are then mentioned, namely the Mangrove of tlic coast, 
the reed and Papyrus swamps inland, and the vegetation of the dry watercourses of the 
desert region. The montane vegetation of the Tropical African Mountains, so distinct from 
the climatic and edaphic vegetation of the Continent in general, appears as a distinct type 
superimposed on the vegetation of ilfrica itself. The influence of man on the vegetation of 
this region is mentioned, and some economic aspects of the vegetation are reviewed. 

785. Baker, E. G. and Exell, A. W. ‘‘A new genus of Connaraceae from 
Tanganyika Territory.’’ Journ, Bot. 69, pp. 249-251, 1 full-page figure. 
October, 1931. (8. 85.) 

Burttiu jmmoides Bak. fil. et Exell is described. It is a dominant shrul> in the great 
thicket areas of the Singida and Kondoa Districts of Tanganyika Territory. 

786. Varian, H. F. “ The geography of the Benguella Eailway.” Geographical 
Journ, 78, pp. 497-523, 4 Plates, 1 Map. December, 1931. (8. 86.) 

A general account of the country through which the Benguella Railway passes is given, 
with only brief mention of the vegetation. 
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787. Stevenson, T. “The Flora of Algeria.” Journ. Bot. 69, pp. 305-309. 
December, 1931. (8. 87.) 

"J'he physical features of Algeria are briefly summarised as (1) the coastal plains, (2) the 
Northern Atlas ranges, attaining a height of 6000-6000 ft., (3) the high plateau between 
the Northern and Southern Atlas ranges, and (4) the Sahara Besert. The more striking and 
interesting plants met with by the writer, who was in Algeria in the months of April and 
May, are mentioned. 

788. Bullock, A. A. '' Canfhitim in British East Africa.” Kew Bull. Misc. 
Inform. .London, 1932, pp. 3,53-389, 4 full-page figures. 1932. (8. 88.) 

I’he Rubiaceous genus Canthirirn Lam. {Plectronia L.) is tentatively arranged as far as 
its British East African species are concerned. Forty-five species are recognised, sixteen of 
which are new. 


(0) (T]NTRAL AND SOiri'H AMERICA (CoLLABORAToa, R. C. McLean) 

789. Hardy, F. and Griffiths, G. Carbon/Nitrogen Ratios in Cacao Soils.” 
Nature, 129, 1932, p. 132. January 23rd, 1932. (9. 20.) 

l^rotile samples collected in Tobago in 1930 showed a close correlation between yielding 
capacity and the carbon/nitrog(ui ratio for the organic matter in the first 6 in. of soil. The 
mean ratio for ‘'good'’ soils is 8*3 and for “bad” soils is 6-8. Statistically this correlation 
has a much higher significance than the correlation with the total organic matter present. 
Ratios of the same order of magnitude, though not identical, were found in Cacao soils 
from Trinidad and Grenada. Climatically these three areas are similar, but the soil types 
are markedly different. Further studhvs are in progress. 

790. Gill, Tom. “Tropical Forests of the Carihl)ean.” Tropical Plant lie- 
search Foundation, in co-operation with the Charles Lathrop Pack 
Forestry Trust. Pp. 318 and xix, Plates 81. 1931. (9. 21.) 

An account of the results of exploration organised by tlie above Trust and extending 
over three consecutive winters, with the objeerts of original collecting and of correlating 
previous information. The ground (;overed included Trinidad, British Guiana and British 
Honduras, besides other Tropical American lands outside the Empire. Aeroplane, liorse 
and canoe were all used as transport. The questions indicated for consideration were: how 
much timber is there, what sorts does it consist of and what is it good for? 

The first five chapters are devoted to a general survey of tropical timber resources and 
tropic!al forestry, in the light of the world’s needs of timber. Chapter vi deals with British 
Forestry Policy in "JVopical America, and here the British are credited with the most 
thorough and successful attempts at Forestry in that region of the world. The need of a 
scientific Forest Policy for Jamaica is specially urged. The remaining chapters deal with 
non-British countries in Tropical America and with suggestions for future development, 
technical and financial. 

An appendix gives the. better- known species of broad-leaved trees in the Caribbean, 
taxonomically arranged. There is also a Bibliography and a Glossary of Common Names. 
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Introduction. 

The river v^jjleys of the Bure, Yare, Thurne and Waveney contain extensive 
fenlands and the lar^n.^ systeni of shallow lakes known as the Norfolk Broads. 
These have always coniinanded tlie attention of naturalists, but extremely 
little systematic study of tlieir plant ecology has been rnarle. The competent 
pioneer work of Miss M. Pallis (4), in Types of British Vegetation, remains 
our only substantial account of them from the vogetational point of view. 

The open water of the Broads is alkaline in reaction (presumably due to 
drainage from clialk-bearing glacial drift) and tlie vegetation is generally 
regarded as typical of " Niedermoor.’' At the same time acidiphilous species 
have long been known to occur in the Broads area, Imt so many outcrops of 
sand and gravel occur among the peat that these have not received inueli 
attention and even where such species have been demonstrated to be growing 
on peat, no special importance has bemi attached to them and they have 
been referred to merely as extensions of acidic upland plant communities, 
or as sporadic communities. 

Miss Pallis’s comments on 8phagneta and Calluneta growing on peat near 
Potter Heigham show this viewpoint. '‘The povsition of this and other moor 
associations close to the upland, suggests that they may be regarded as the 
wet continuations of heaths which probably occupied the upland soil before 
the days of cultivation.” 
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‘'The Sphagneta are rather to be regarded as a sporadic development of 
moor in certain favourable spots.’’ 

Miss Pallis carried out her valuable pioneer work before soil acidity had 
been extensively investigated either as regards its origin or as regards its 
effects in controlling vegetational distribution, and she therefore makes no 
suggestion of the possibility of a natural development of Sphagneta and moors 
from Broadland aquatic vegetation. The writers of this paper take just this 
point of view and attempt to establish that in some cases, at least, the 
presence of acidiphilous species is an indication of the progression of vegeta- 
tional development normal for the region, which will tend eventually to 
produce acid peat, even though the Broads are themselves definitely alkaline 
to begin with. In support of this, an account is given of the vegetational 
successions and the occurrence of acidiphilous species with measurements of 
soil acidity at Calthorpe Broad, near Mickling, Norfolk. The attention of the 
writers was first drawn to this on account of two facts. Firstly, it showed, 
as few Norfolk Broads do, well developed semi-natural oakwoods in apparent 
continuity with the typical fenland communities of reed-swamp, fen, and earr, 
surrounding the Broad concentrically. In the second place, in various parts 
of the property, where at a distance from the Broad the peat was fairly 
high above the water-table, occasional planted rhododendron bushes were 
flourishing. This striking development of a markedly acidiphilous genus was 
emphasised at once by the recognition in the carr undergrowth and in other 
places of extensive areas (‘overed with tussocks of two or three species of 
Sphagnum. At a later stage, other acidiphilous species were also discovered. 
Preliminary determinations made at once in the field (using the colorimetric 
waxed paper method described by S. Cole) gave strikingly acid values for 
the peat soils round the Broad. 

This suggested that it would be profitable to inv(vstigate the Broad from 
the point of view of determining what relation exists between the developnieTit 
of soil acidity and the progress of vegetational succession from the open and 
alkaline waters of the Broad towards woodland. In so far as the Broads 
region had traditionally been considered thoroughly representative of “Nieder- 
moor” vegetation, the possibility that there might here be evidence of natural 
development to acidic types of soil and even to “Hochmoor” vegetation, the 
problem seemed one of the greatest general interest. 

L Locality and topography. 

Calthorpe Broad (Fig. 1) lies on the extreme northerly border of the Norfolk 
Broads region, about 2 miles north of the largest of the Broads, Hickling Broad, 
and 3 miles north-west of Horsey Mere. It is not in navigable communication 
with the other Broads, and as it is also private and small, it is comparatively 
unknown. It has shrunk considerably in area during the last 50 years and now 
consists of a sheet of water about 250 m. long and 50 m. wide, surrounded by 
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reed-swamp, bushes and trees. It is connected by dykes with the drainage 
system of the country round about and in this way is in ultimate connection 
with Horsey Mere. Artificial water-level control by sluices and pumping mills 
appears to have been practised in the past, but the dyke system must have 
been quite different from the present one, and so far as is known no record 



Fk;. 1. Map of the area Hurroimdinf; Falthorpe Hroad, partly copied from 23 inch 0.8. and partly 
surveyed by compass. It shows the position of all the open dykes and of the transects and 
separate sites in which observations were taken. Site 10 N is off the map, lying about 450 m. 
to the north -(!ast of the extreme eastern end of the Broad, but within t he Caltliorpe basin. 


exists of such past conditions. At the present time drainage from the sur- 
rounding country maintains the level of the water in the Broad, though in 
winter excess is pumped off into Horsey Mere. This control of the drainage 
system is one of the factors complicating the interpretation of successional 
phenomena in the region of the Broad and indeed of the Norfolk Broads in 
general. 


16-2 




Fia. 2. Dual purpose map of Calthor{X' Broad showing (a) by the smaller figures, the depth of hard silt below the soil surface in cm. ( U = unknown depth greater than 2 m.); 
(6) by the large ringed figures, the results of electrometric pH determinations of the water of the Broad and of various parts of the dyke svstem. 
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The water of the Broad is alkaline in reaction like the rest of the Norfolk 
Broads, although its comparative isolation and distance from the sea {via 
open water channels) prevent the ingress of salt water which takes place in 
some others. The reaction of the water of the Broad has been measured several 
times and the pH value varies between 7*3 and 7*7. A number of measure- 
ments have also been made of the acidity at different points in the system 
of dykes connected with the Broad, and the results are shown in Fig. 2. The 
dykes traverse an area the surface soil of which is, as we shall see later, almost 
uniformly acid, and this fact explains the tendency towards ner<;rality at 
points in the dykes some distance from the Broad. The outer dyke along the 
south-east margin of the area is acidic, and this is almost certainl}' due to 
the fact that it can very seldom receive water from the Broad. 

The total solutes in the water of the Broad (January, 1932) amount to 
0-56 gm. per litre. The buffering capacity of the water was found by con- 
structing the titration curve. From this it was possible to find figures for 
comparison with data for otlier natural waters of whi(Ji the carl)oiiate hardness 
has l)een determined by acid titration using methyl red (colour change at 
pH 5*2) or methyl orange (colour change at pH 3*75) as indicators. These 
figures are 1 iO and 175 j)arts per million respectively, tlie first of wdiich may 
be compared with Pearsairs figures ( 7 ) for the soft waters of the Westmorland 
lakes which range from 0*5 to Ifi ])arts per million, and tlie second with the 
figures obtained l)y the Laboratory Staff of the West Riding Rivers Board 
for the ''slightly hard'' waters of the River Wharfe ( 14 ). These range from 
()5 to lf)8 ])arts per million. The concentrations of carl)onat(‘S in the ‘'hard'’ 
waters of Wicken Fen, if cahuilated as entirely calcium carbonate, lie, ac- 
cording to Saunders ( 9 ), between 130 and 230 parts per million. 

The Broad lies close to the southern side of a wide depression, and on this 
side tlie upland cultivated fiidds come within about lOO m. of the open water, 
while silty sand occurs at relatively small depths under the peat on this side 
of the Broad, the upper layers leached (juite wliite by the acidic peat overlying 
them. By thrusting a long pole down through the thin surface peat and the 
soft swamp peat below, it was possible to tell with (considerable accuracy the 
depth of the vsilt. Tests wtu'e made in this way all round the Broad and the 
results have l)een shown in Fig. 2. It will be seen that although the peat on 
the southern side of the Broad thins out against the sloping bank of the silt, 
that on the north side is considerably deeper, just liow deep we are unable 
to say. What we refer to as ‘\swamp })eat'’ is a very soft wet yellowish brown 
peat containing remains of Phnujmites and resembling closely the peat at 
present forming in the reed-swamp. This swamp peat extends over the whole 
Caltliorpe area and suggests that it is by (Microachment of reed-swamp that 
almost the whole basin has been converted from open water. 
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II. Vegetational succession and plant communities. 

( 1 ) Vegetational succession. 

It is not now proposed to discuss tlie vegetational successions of Calthorpe 
in detail; indeed it would be difficult to do this without very extensive com- 
parison with other Broadland areas, and without concentrated investigation 
of human influence both on vegetation by cutting, planting, clearing and on 
drainage by dyking and clearance of vegetation, draining and so forth. 

Fortunately, however, the essential nature of the plant succession is simple. 
It may be written 

open water -> reed-swamp carr ~> oakwood, 
although it may or may not be necessary to interpose a phase of ‘‘fen” between 
reed-swamp and carr, and although it is hardly certain that carr does in fact 
always give place to oakwood. Fig. 3 gives a conspectus of these major com- 
munities round Calthorpe Broad. The boundary between woodland and carr 
is that of the Ordnance Survey of 1905: it is not now very different. The map 
does not show the present distribution of carr but it gives the limit of its 
inward extension in 1884 and 1905; this is the lake margin and carr could 
hardly have occurred in the open water of the lake. The present outline of 
open water is sharp and artificial — it is due to cutting, especially just about 
1919, for reed-swamp invaded the Broad extensively during the war period. 
The area just outside this line is partly reed-swamp and partly young carr, 
the latter occurring at different distances from open water in different parts 
of the Broad (see transects, Figs. 4-11). 

(This map is not intended as an accurate guide to tJje present vegetational 
communities, nor has such a map been made, since the possible gain a})p(‘ared 
quite disproportionately small in comparison with the labour involved. Re- 
peated checks on the ground also show that the alterations from tlie givi‘n 
map would be in detail rather than in principle.) 

The markedly concentric arrangement of the three major plant com- 
munities of reed-swamp, carr and wood is extremely striking, suggesting at 
once the validity of supposing them to represent successive stages of vegeta- 
tional change accompanying progressive shallowing and retre^at of the Broad. 
This conclusion is strongly supported by the evidence of the O.S. maps of 
1884 and 1905 which repeatedly show areas in which cjarr has replaced reed- 
swamp or woodland has replaced carr. Nor would such a (amclusion b(* 
difficult to support on general grounds, nor on the evidence of previous work 
in Norfolk. The most uncertain point in the hypothetical sequence is tin* 
transition from carr to woodland, for most of the large trees of zone A hav(‘ 
certainly been planted, a large proportion of them being Pinus sylvestris, not 
now native in England. Nevertheless, the bulk of the trees, which are Quercus 
robur, have grown extremely well; not only are these pioneers 14-15 m. high, 
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with a very wide brancii spread, but they have produced abundant trees of 
the type', also 13-10 m. high; regeneration appears to be taking place, 
and some possible invasion of the neighbouring carr. These facts suggest that 
in tin; presence of adequate seed parents, Q. robur wood might quite con- 



Fic. li. A map shnwimi; tlu* cliicf vegetation zones round tlie Broad and distribution of aeidi- 
philoiis species. .1, aieas shown tree-eovered in O.S. of llH)o (i.e. wood); B, art'as shown 
busli-i'overed in O.S, of l!H)o, 'flu* boundary between li and (' is tlie outline ot the BrOvad 
as shown in (),N. of 1884 and lltOo. (' is now partly iwd swamp and partly carr, and the 
outline of the Broail is that of a comjiass survey carriisl out by the authors in Itftl. 
S Spfi(tijiiiuii, P BoUjtrichu HU P Kriuphuruw (nnjtus(ifoUnin. 

(*(‘ival)ly be a natural successional phase following and displacing the carr 
and siil)sequently maintaining itself. Naturally the (‘vidence is too sliglit to 
1)(‘ taken as conclusive, but its trend is evident. 

(2) Plant 

It is not proposed to give in this paper any detailed analysis of vegetational 
composition, but in order to convey a general picture of tlie communities con- 

1 See Watt (11). 
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cerned in the above succession and mentioned in the following records of obser- 
vations on transects and other sites, concise descriptions of the chief plant 
communities are necessary, and these are given below in as brief a form as possible. 

Reed-swarnp. On the open water side the reed-swamp is fringed thinly 
with Scirpus lacustris, t^/e extension of which into tlie Broad appears to be 
limited by artificial means. Blspccially at the west end of the Broad, a wide 
swamp is present dominated by T'ypha angustifolia and Phragrnites cotmmimH^ 
both growing 2*0-2‘5 m. tall and excluding almost all other species. At present 
this reed-swamp is cut annually, the crop being used for thatch. 

/cn and mowing marshes. Following the usage of Miss Pall is 
the term “intermediate fen'’ may be employed for a range of communities 
succeeding reed-swamp, but round Oalthorpe Broad these communities are 
cut from time to time and it seems preferable to use the local term expressive 
of this, that is, “mowing marsh.” An example of the community is typically 
developed at the west end of the Broad : it is cut, though less frequently than 
the reed-swamp. The chief constituents are: 


Phragmitos communis 

a. 

8 ( artcllari a ga leri c ulata 

f. - 

Juncus obtusiHorus 

v.n. 

(hiliuni s|). 

f. 

eWex stricta 

a. 

( -arex ])aniculata 

o. 

i^ot-entilJ a pal ust ri s 

a. 

(L riparia 

o. 

Hydrocotyle vulgaris 

a. 

( 'alaiiiagrostis epigeios 

o. 

ilypnum sp. 

a. 

M eny a n t b es t ri i‘( )li at a 

0. 

Equiseturu sp. 

f. 

ICrioj)horurn angustifoliuin 

r. 

Peucedanuin ])al ustre 

f. 




In some places on the drier side, away from the Broad, tliis fen gives place 
to a community dominated by MoUnia caerulea. The intermediate fen is 
readily colonised by bushes of alder, sallow and birch. 

On the south-east side of the broad, where the bank slopes more steeply, 
there is little reed-swamp, and mowing marsh extends to the margin of the 
Broad. It is similar in composition to that above, l)ut the following species 
also enter: * 


Carex panicea a. 

Pedicularis palustris f. 

Hypnum stellatum Schrob. 

H. (3uspidatunj L. 

Lysiniachia vulgaris f. 


vSalix repons f. 

SchoonuH nigricans o. 

Ury iiin psoudolritjuetii ni Sell vvaog. 
Arieura pinguis L. 


In addition to the mowing marshes near tlie Broad, others occur away 
from it (see Fig. 3), and they show some rather interesting differences in 
composition. Thus Cladimn niariscus is present locally or even abundantly 
in some of them^, and Sphagnurn may occur abundantly. Other common 
species not so far mentioned which occur here are: 


Ranunculus flamrnula o. 

8cabiosa succisa o. 

J uncus lampocarpus o. 

Cirsiuin anglicuni o. 


Carex disticlia o. 

Mentha acpiatica o.-f. 

O.srnunda rogalis o.-f. 

I^otentilla en'cta f. 


^ The absence of Cl/idinm from the reed-swamp phase round the Broad may be a result of 
persistent cropping. It has already been shown that in Cambridgeshire this plant is eradicated 
by constantly repeated cutting (2, 3). 
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Carr. By increasingly dense bush colonisation of the above communities, 
a close canopy scrub is formed dominated by Ainas rotundifoUa, Salix cinerea, 
Betula pubescens (and rarely B. alba). These exist together in varying relative 
proportions, but the alder is the densest of them near the Broad, and though 
the alder and birch form almost pure stands, the sallow seldom does so, biit 
plays the part of early colonist, forming a fringe to the advancing can* margin 
and being killed out as the (^arr develops to maturity. The sallow behaves 
similarly to Rhamno-franguletum carr in VVieken Fen, Cainbs. hkrly stages 
of carr formation are usually marked by dense shade and killing f almost 
all species of the preceding stage. Under Betuletum, however, the ground 
may in some cases become densely covered with Sphagnatn tussocks (see 
transects 2 1\ 9 T and 10 T), in wliich persist palastris (f.) (not 

flowering), Phragrmles commiinis (f.), Osmanda regalis (o.), and very few other 
species. The causes underlying the formation of this Sphagnmn-dommsited 
undergrowth are discussed later. The earlier stages of carr are obviously 
floating on semi-liquid swamp peat, and the intermediate stages of carr de- 
velopment are generally associated with increasing stability of the ground. 
I his consolidation increases during development from carr into the oakwoods, 
though in the younger stages of these the ground still quakes slightly^. 

In intermediate carr, the l>lack peat surface is c()mj)letely bare except for 
a few bryophytes {Brachgtheciam ndabuhnn B. and 8., Mniaai punctatiint L., 
Chiloscyphas pallescens (Ehrh.) Dum.) and o(5c«tsional tufts of Carex riparia, 
Calximagrostis lanceolafa and Ins pseudacoras. At a still later stage the under- 
growth becomes denser and has a composition represented by the following 


list: 




Carex riparia 

a. 

I’otentilla paliistris 

0. 

Agrostis alba 

a. 

Rosa sp. 

o. 

Iris pseudacorus 

f. 

Hu bus caesius 

o. 

Caifx strict a 

o. 

K. fruticosus (agg.) 

0. 

( onvolvulus sepium o. 

kSo 1 an u m du 1 c am ara 

o. 

Ly eopus europaeus 

o. 

Lvsimacliia vulgaris 

r. 

Osmunda regalis 

o. 



The trees of the cmit 

reach a 

maximum height of 5-0 m. 



Wood, On the periphery of the older (airr there is invasion by oaks and 
transition to a mixed wood in which Qucrcas robur may in some areas be 
dominant (e.g. the north-east part of transect 1 T). The largest oaks present 
in the Calthorpe woods are of pioneer form and were probably planted, but 
very large and well-grown oaks of later generations a,r(‘ also present. Otlier 
trees are Ahius and Belala (both frequent), Pinas (planted), and Fraxinus (o.). 

' It sooms probablt' that when oaks and perhajis birches are present, this process t/f pro- 
gressive consolidation is a normal feature of the succession from carr. Wdierc' in the absence of 
oak and birch, alder and sallows dominate the oltler carr, tlie b('ld evidence su^gt'sts that the 
ground, far from consolidating and rising, may even sink, exposing tlu' free watm* surface and 
leaving the bases of the trees as small islands, d'he authors ar(‘ inclini'd U> interpret Miss Callis’s 
“swamp-earr” as having this origin, and therefore tliey have not adopted her terminology, 
which distinguishes between “fen-earr” and ‘‘swamp-carr.” 
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Apart from a few small specimens of Crataegus and Salix einerea, both often 
moribund, there is no shrub layer in the well-developed oakwood, where 
sliading out of Sahx and Alnus by the oaks is quite evident. The undergrowth 
contains: 


PhraginitoH communis d. 

Kubus fniti^'osus (agg.) a. 

Agrostis alba f. 

Convolvulus sepium f. 

Nolanum dulcamara f. 

Urtica dioioa f. 

Iris psoudacorus l.f. 


Carox riparia 

0. 

C-irsium paliistro 

0. 

Lychnis flos-cuculi 

0. 

Lyeopiis europaeus 

0. 

Rosa sp. 

0. 

Viola paliLstris 

0. 


At 4: S (sec Fig. 1), at a distance of about 200 m. from the Broad and 
rather isolated by dykes from the main body of woodland, is a mixed birch- 
wood with occasional oaks, growing on relatively high firm dry ground. It 
contains a poor shrub layer of hawthorn and sallow, the ground surface is 
bare and covered with leaf litter, Rubus fruticosus^ R. caesius and llolcus 
lanatas forming the chief (ionstituents of the undergrowth, with scattered 
plants of Dryo'ptexbs filix-mas. In wetter parts of the same wood a relict flora 
of earlier stages is found, which includes Phragniites coiuynunis, Cladiunt 
wanscus, Agroshs alba, J uncus effusus, Ins pseudaeorus and Lysimachia vul- 
garis. Since the area is shown in the ordnance survey of 1905 as pasture with 
sc.attered trees and shrubs, this wood can hardly be considered as part of the 
main developmental sclieme, although some portions of the woods near(‘r to 
the Broad res<‘mble it fairly closely. 


III. Methods. 

The preliminary sporadic determinations of the pH of the soil water were 
made by a rough colorimetric method, but the data quoted in this pap(‘r were 
all obtained with the quinhydrone electrode. This was chosim largely on 
ac'.count of its convenience and rapidity, the compact nature of tJie apparatus 
making it particularly suitable for use in a temporary laboratory ; it was 
found possible to use this electrode throughout tlie work as the iHuiction is 
never more alkaline than />H 7*7. 

As some of the samples smelled rather strongly of it was necessary 

to check the values obtained by the quinhydrone electrode by other methods 
whose validity is not affected by the presence in the soil sample of oxidation- 
reduction systems. Consequently a set of representative samples, some with 
a strong smell of were taken back to the laboratory and tested both 

colorimetrically and by the hydrogen elec.trode. It was then found that some 
of the samples (e.g. the water of the Broad itself) gave no reliable value with 
the hydrogen electrode, owing partly to a recurrent and rapid poisoning of 
the electrode, and partly to the removal by the Hg current of some volatile 
constituent (not CO 2 ) altering the pH value. It was then found that such 
samples contain very slight traces of a substance capable of reducing iodine ; 
this substance was not removed by boiling. This being so, the use of the 
quinhydrone electrode became suspect, but subsequently a series of samples 
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were determined both colorimetrically (by Gillespie’s drop method) and by 
the quinhydrone electrode. The values are set out in Table I, where it will 
be found that the variation is usually within 0-2 pH, which is about the 
limit of accuracy of the colorimetric method used. It is therefore assumed 
that for the purposes of this research the quinhydrone electrode is satisfactory ; 
moreover, as the soil water samples are sometimes very turbid or deeply 
coloured, the use of a colorimetric method without all the resources of a 
laboratory was out of the question. 

A Cambridge-Cole potentiometer was used, and with practice the work 
becomes rapid, and a reading can be taken in about 3 or 4 min. ; in most 

Table T. 


Samplo 

Mf-thod 

pU 

\ ariation 

B roads water 

Quinlivdron(‘ 

74S 



Col. C.R. 

H.r.H. 


0 i:i 

Standing wat(‘r from mo\\'in^ fuars}i 

(piinhvdrone 
( ol. B/r.B. 

b 

()13 


B.C.P. 


Standing wat(*r from mowiji^^ marsh 

(piinhvdrone 

(ili!) 



('nl. P>‘('.P. 

(»•.) 1 

019 


B.'lMk 


Water from pit under oak 

(piiidualroni' 

b- k; 



('ol. P,’.(\P. 

B.T.lk 

fX.i-To 

(>•.) b- / ) 

0 24 

Soil under Sph(ujnuni and r^l iftrirhn ni 

(piiidivdrone 

(•>•40 



('ol. Bd'.P. 


1.) 1 0 


JCT.P>. 

b-4 j 


Pit water under Spft(f<j)n(in and Pol//- 

(piinhvdrone 

b-:n 

001 

t rich u>n 

('ol. IC('.P. 


Soil immediately under S pftaijhn m 

(piinhvdrono 

0 o7 



C'ol. m'.b. 

P,.(\P. 

(piiidiydrone 

Xlr.ii 

oi):i 

Stamp(‘d from leaf litttu’ in ii S phmjntt ht 

.) / j 

old 

0-20 

ar’ea (n(»t under SpfKupni m) 

C .l. m'.p. 

4-b(l 



In tlu* tablo abovt* tlie various iiulirators used an‘ diuiotod by tli(‘ cont ra<‘ti()iis P.R. plienol 
n‘(i, B.T.n. - l)ronidhvuio[-bbu*, H.C.P. = broin-crcsol-purplo, M.li. -nu'thvl-rod. 

('ases tlie galvanometer showed a slight drift after tlie zero had once been 

obtained, so that the pH often altered by roughly 0-2 pH. This drift is not 

systematic and could not be corn^attnl witli temperature changes, (JO 2 loss, 

following Olsen, wlio also iioted this phenomem)n, we take the first value 

obtained as giving tlie pH, tliough this was always followinl until staliility 

was reached. 

The soil of the area is almost uniformly wet, even in summer, and most 
of tlie samples were taken as water samples from open watiuy shallow pits or 
stamped depressions: such water samphvs weie assumed to be in equilibrium 
with the soil in their neighbourhood, and after standing and decantation gave 
(dear or only slightly turbid solutions suitable for acidity determinations. 
Water samples were collected in small glass tubes 2-5 x 7*5 cm., which wert^ 
always first washed out with the water of the sample; ordinary clean corks 
were used to close them. A relatively small number of soil samples were 
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taken from the drier parts of the region and these were collected in flat tins 
(7*5 X 10 cm. diam.): a portion of a sample was afterwards shaken with 
water and allowed to stand for several hours: the water was then decanted 
into the electrode tube: filtering was abandoned after a few trials as it w^as 
not possible at the time to obtain pure washed filter papers. Values obtained 
from soil samples are distinguished in the graphs and tables from those given 
by water samples, which are in the majority. All the samples were taken in 
tlie course of a vegetational survey, either of transects, or of selected areas 
of special vegetational interest, so that the pH of the soil water, the depth 
of tlie water, the nature and depth of the peat, and the character of the 
vegetation ean all be stated for each particular region examined. 

IV. KeSULTS of OnSERVATTONS. 

(1) Transects. 

Transect 1 T. 134 m. long from the Broad in a nortli-east direction passing 
in succession through reed-swamp, mowing marsh, earr and mixed oakwood. 
The typical reed-swamp is modified by cutting in a narrow belt of mowing 
marsh in which there is sporadic bush development. The height and distri- 
bution of the bushes and trees are shown in the diagrammatic vertical transect 
of Fig. 4, and in the belt transect, 5 m. wide, of Fig. 5. It will be seen that 
these indicate a transition through a wide belt of carr increasing from 3 to 9 m. 
in height and showing invasion, even in early stages, by oaks, which in(u*ease 
in number and size away from the Broad. The field observations suggest that- 
the oaks will kill out the other bushes, especially Salix cinerea, by shading. 
The seed parents of the invading oaks are found in the mixed oakwood ex- 
tending from 60 to 134 m. from the Broad. They occur along witli rinas 
sylvesiris (planted), Fraxinus excelsior and Almis rotundifolia, all of whii’h arc' 
very well-grown trees reaching a height of 16 m. Most of the oaks were' 
certainly planted, are of typical pioneer form (F^), and may have a crown 
spread of as much as 22 m. ; but there an' also numerous second generation 
(F^) oaks which are evidently self-sown. Sjjhaynum occurs occasionally on 
the artificially cleared paths through the wood, though not actually on the 
transect. The whole length of the transect is underlaid by swamp peat to an 
unknown depth determined to be at least 2 m. In the reed-swarnp, swamp 
peat is continuous to the surface, but in the mature oakwood it is overlaid 
l)y 25 cm. of darker peat in a compact layer. This may be termed “carr peat'’ 
as it is clearly modified by the leaf litter of carr or woods. The carr peat 
increases in thickness from the early stages of carr formation up to the outer 
margin of the wood. The average height of the j)eat surface above the water- 
table increases gradually from below zero in the reed-swamp to 40 or 50 cm. 
at the outer margin of the wood. The reed-swamp is floating on open water 
or very soft swamp peat: in the carr the ground quakes considerably and this 





IT. (tobwin and J. H. Tiirnkh 247 


persists markedly into tin; middle of the oakwood (Schwingmoor, see p. 259). 
The acidity relationships are shown in Fig. 4 ; acidity increases regularly with 
increasing distance from the Broad and heiglit of the peat surface above 
water-level, reaching jAi values as low as 5-4 for water samples and 4-fi for 
surface soil samples. 

Transeds 3 T and 2 T. These transects can be considered to^^ether, since 
the one continues into the other and they have hfum shown togetJicr in Fig. (J. 
Their position and direction can be seen in the figure. 
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Fid. 4. Ob.sc'rvatioiis niado along tranaeot I 7\ The aridity values unless otherwise 
stat ed are tliose of water samples. 


3 T commences in reed-swamp dominated by Typha in which the soil 
surface is some centimetres below water-level. ^Vt 10 m. the vegetation changes 
to that of mixed fen dominated l)y Carex and J uncus and invaded by scattered 
small bushes of Ainas, Bcfida and Salix] here the soil-level is approximately 
2-3 cm. below water-level. Progressively the frequency and size of bushes 
increases up to 4 m. at the edge of the dyke. All the ground quakes and 
swamp peat underlies the whole to more than 2 m. depth. The soil reaction 
is only slightly less alkaline than the Broad. 

2 T. A transect of 85 m. which commences at the edge of the dyke in 
young carr of Salix, Ainas and Bdula 5 m. high; this carr extends over the 
greater part of the transect. At 15 m. Sphagnum begins to appear, increasing 
in density, at 10 m. covering more than half the ground. At 55 in. Q. rohur 
first occurs and at 06 rn. there is transition from carr to a wood with Qaercas 
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and Betula 8-9 m. high with a dense canopy and little undergrowth: here the 
Sphagnum is absent. The soil is 5-K) cm. above the water table throughout 
the transect, though there are high raised banks at each end of it. The lake 
peat is more than 2 m. thick at the Broad and underlies the rest of the 
transect at a depth of at least 1 m., except possibly under the wood. 
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Fia. 0. Obaervations made along transects .*} T and 2 T. The acidity values unless 
otherwise stated are those of water samples. 


In contrast to the soil water of 3 T all the water samples of 4 T show a 
uniform and fairly high acidity, the pH lying between 6-1 and 5*7. The pH 
values of the soil samples from the wood are from 4*9 to 4-7. 

Transects 5 T, 4 T, 12 T may best be considered together, since they make 
a consecutive series running outwards from the Broad (Fig. 7). 

5 T begins at the Broad margin and is entirely within a reed-swamp con- 
taining only Phragmites and Typha 2-2*5 m. tall where the soil surface is 
15 cm. below water-level. The pH of the soil water differs little from that of 
the Broad (7-2-7*3). 




otherwise stated are those of water saiiiplr 
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4 T. The reed-swamp of 5 T continues into 4 1\ but at 45 m. from the 
Broad is replaced by mixed fen dominated by Carex and JuncAis. Bush 
colonisation begins at 4(im. : closed carr is established at 60 m., and this 
increases in height to 9 11 m. The ground rises gradually to not more than 
10 cm. above water-level and the reaction is approximately neutral or just 
on the acid side of neutral. 

12 T. On the far side of the dyke is found a rather mixed wood, with 
Betuh, Aims, Qiiercus (11-13 m.) and occasional Fraxinus (4*5 m.), with some 
Salix and Crataegus in a dying condition. The soil is here rather higher than 
in 4 T. The single soil water sample gave a value of 6-1. Still further from 
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Fig. 8. Observations made along transect 6 T. The acidity values arc tliose of watc'r samplcH. 

the broad in the same north-west direction and separated l)y another dyke is 
an extensive oak-birch wood 10-12 rn. high, possibly in part planted. The soil 
level is 40 cm. above water-level, though the wood is on peat at least 3 m. 
deep. Surface-soil samples gave /JI values of 5*2 and 5*4. 

Tra/nsect 6 T is about 140 m. long and runs north from the edge of tlie 
Broad (Fig. 8). Young carr, 3 m, high, is found almost on the margin of tlu*. 
Broad and soon increases in height to 5 m. Up to 90 m. along the transec^t 
there is a peculiar carr dominated by Alnus, Betula and Salix growing 
('^ floating’’) on very soft quaking peat: there is little ground vegetation, and 
locally Salix appears to be dying out: the ground-level is variable. After 
90 m. the soil remains at a consistently higher level above the water table 
and the ground is more stable. Isolated patches of living Cladiwm point to 


Aadifv O/tranct. Jail-Itvd 

' U WoAr.UytX 



n. Godwin and J. 8. Turnkr 


251 


the derivation of the earr from fen. Here the carr is taller and more stable 
and contains very large pioneer forms of Bef ula and Quercus, as well as younger 
oaks: the older trees are loc^ally killing out the bush layer. 

This transect com})rises a wide belt of carr all in about the same state of 
development, and the ground-level rises very slowly to about 20 cm. above 
water-level. The soil reaction is increasingly acid (with a few local variations), 
althougli the increase is very gradual, and tlie lowest pll value reached is 6-2. 

Transect 8 T extends to 52 m. from the Broad in a south-east direction, 
passing through mowing marsh and carr (Fig. 9). The mowing marsn extends 
to the edge of the Broad and shows stages of increasing density of bush 
colonisation passing away from tlu^ Broad. Further along i\\e sanu' line the 
carr becomes more mature and opem, increasing up to 5 9 m., and showing 
invasion by a few scattered oaks, probably self-sown from pioneers planted on 
tlu' dyke bank. Under the old carr then‘ is a thin layer of carr peat ; below this 
and along tlu^ wliole trans(H*t swamp jxaat (‘xtends to a depth of 1()5 180 cm.: 
below this is white silt. The av(‘rag(* height of ground-lev(9 above water-level 
increasi's along tlu^ transect from about 8 to 15 cm. The ground quakes appre- 
cial)ly along tlu‘ margin of th(‘ Broad and progressivad v less away from it, 
and the soil-wat(‘r samples are slightly acid, tlieir pH values lying between 
f)*5 and b-8. UliaracDu’istic acidiphilous 8p(‘ci(‘S are lacking. 

TrffHsrrt 10 T is 81 m. long, passing from the Broad almost due south 
(Fig. !)). Th(‘ first 2t) in. an* mowing marsh sporadically colonised by liushes. 
Young can* ahout 2 m. higli occurs densely from 2t) m. and increases in height 
to about () m. a-t the other (*nd of the transect. From 11 m. onwards the ground 
is almost compl(‘t<‘ly covi'red with d(‘(‘p tussocks of Sphafjnnnt intermixed 
sparsely in j)lac(‘s witli Poliftrichum rotnnutne. Swamp peat underlies the whole 
transecd, but the underlying silt rises uniformly from a depth of 2-1 m. at 
the Broad margin to 25 cm. at tlie other end of the transect: shallow carr peat 
occurs at Hit* othei- end of the transect. The height of tlie peat surface above 
water-level is roughly constant at from 5 to ID cm., rising somewhat at the 
end away from the Broad, where, how(*ver, Sphafpinm tussocks make the 
estimation peculiarly difficult. The acidity of the soil water increases steadily 
away from tlie Broad to a value of pH 5*b at 80 m. where water squeezed 
from the surface soil showed a pH value of 4*9 and that scpieezed from the 
Sphagnum tussocks themselves pH 4*2. 

Transect 9 T resembles transects 8 and 10 and is in all ways intermediate 
between them (Fig. 10). It lies about midway between them and also runs 
south from the edge of the Broad through mowing marsh and carr of in- 
creasing age and height. The white silt below the swamp peat rises from a 
depth of 1*95 m. at the margin of the Broad to 0*95 m. at the south end. 
Abundant Sphagnum is limited to a short portion of the transect under the 
tallest carr at the end furtliest from the Broad. The peat surface is the same 
general height above the water table as before, and the soil-water acidity 
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also rises gradually along the transect away from the Broad to values of 
about pR 6*0 in the region with no Sphagnuyn and to 5-1 in the parts 
with Sphagnum. 

Transects 11 T and 7 T (Fig. 10). These transects, together with 2 1\ occur 
in the area forming the south-east margin of the Calthorpe basin where it 
abuts on the uj)land. This area is also separated by a dyke and a consolidated 
bank from the vegetation immediately surrounding the Broad. Its situation 
and drainage relations may have markedly influenced the character of the 
area. Transect 1 1 T passes through fairly uniform carr of Alnus^ Salix cinerea 
and Betula puhescens, about 5 m. high, occasionally reaching (> or 7 m. Young 
Quercus rohur of tlie same lieight is frequent. Sphagnum squarrosum and 
S. ji mh'iafum occur densely and (‘-over the greater part of the ground witli 
deep tussocks which have living Sphagnum about 15 20 cm. d(*('p overlying 
about 20 cm. of Sphagnum })eat. This rests on swamp peat which (‘xtfmds to 
the white silt. The surfa(*e of the white silt slopes steeply to the north, 
evidently forming the old southern margin of the Jiroad. The soil, apart from 
the dyke bank, is from 10 to 15 cm. above the water-table, and the soil water 
has values of 5*0 5*5. 

7 T is similar in most respects to 1 1 l)eing covercnl by chit of similar 
character with abundant Sphagnum on the ground, l)ut, on ihc side away 
from the Broad, tlie carr contains numerous oak trees 8 or i) m. higli. Th(‘ 
silt below swamp peat lies at a fairly uniform d(‘ptF of 1*2- Mm. and the 
peat surface is 10 15 cm, above water-level. Tin* pW values for tli(‘ soil wati'r 
lie between 5*0 and 0-2. 

Transect V) T (^"ig. 11). This transect, wliich is about m. long, lies 
entirely in a mowing marsh on tln^ south side of tlie Broad and somc^ distanct* 
from it. The area is dominated by Phragnriics and J uncus ohtusljlorus, but 
lydentilla p and Sphagnum tussocks are also very al)undant. The swamj) 

peat underlies the transect and the white silt below it rises from 2 m. depth 
at the north-west tmd to 0-75 m. at the soutli-east end. Tlie soil-level falls 
from about 20 cm. above water-level at the north-west end of tin' trans('ct 
to about 10 cm. at tlie south-west end, but the soil acidity increases to the 
south-west, i.e. away from the Broad, reaching a value' as low as pH 5*4. 
It is very interesting to find in this marsh a vegetation exactly like that 
typical of alkaline peat (see pp. 242 and 243) but containing also Sphagnum and 
having markedly acid soil. 


(2) Separate sites, 

1 S lies on the very southernmost margin of the Calthorpe peat area, where 
the white silt is covered' by only 45 cm. of peat, the greater part of which is 
soft brown swamp peat. Young Betula carr 4 or 5 m. high occupies the area 
and the ground is densely covered with Sphagnum tussocks containing here and 
there a little Polytrichum. The surface peat showed pH values of 5*09 and 5-57. 
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2 S, though under similar vegetation and not far distant from 1 8, differed 
from it in the much greater depth of swamp peat overlying the silt, at least 
I m. and probably a good deal more. Sphagnum was also present here and 
water squeezed from the surface peat under Sphagnum gave p^\ values of 
4-97 and 4*99, tlu' surface peat not under Sphagnnin giving pH 5* 10. This is 
especially striking sin(;e the site is within G m. of a large lily pond connected 
with the Broad and itself containing water of /aH 7-05. 

3 S is situat<‘d very near transect 7 T and is cov(n(*d witli carr heavily 
invaded with thin oaks up to 8 rn. high. The esj)ecial interest however 




lies in a dense undergrowth of tall, healthy Cladniu}. The soil level is 2G cm. 
above water-lev(‘l. Black peat G cm. deep overlies swamp peat, which covers 
the white silt to a depth of 190 cm. The water from a shallow pit dug here 
sliowed pH 5*52, but the surface leaf litter showed 3-59. 

4 S, see description of 5 7\ 4 T and 12 T. 

5 8 and G These sites occur in two small clearings, in the middle of 
well-developed carr, whicli are used as mowing marshes. They liave the vege- 
tation described before, dominated by Phragnrifcs and Junrus obfusijlorus, 
with locally abundant Cladium, and generally abundant Molinia. It is a 
vegetation generally typical of alkaline peat but it contains scattered tussocks 
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of Sphagnimi and occasional Eriophormn angustifoliuyn. Also small plants of 
Osmunda regalis occur frequently. The soil-level varies from 5-8 cm. to 
12-15 cm. above the water-level, and no bottom could be found to the swamp 
peat underlying the areas; it was certainly deeper tlian 2*8 m. Soil-water 
samples from the surface showed a value of (r 10, and from a shallow pit 
of 6-23 and 6-74. Water squeezed from the surface peat layer gave values of 
pH 5*80, 5*89, 6*32 and 6*50, and that squeezed from the Sphagnum tussock 
itself pH 4*30. 

7 aS\ Under the canopy of a large oak 0 m. high, wliich formed a raised 
'‘island'" in the level peat of tlu' surrounding old carr, the leaf litter of the 
surface layer showed pH 5*33. The water table was 10 18 cm. below. Water 
from pits dug down to water-level at different ])oints under the oak tree gave 
pH values of 0*15, 0*20 and 0*52. 

8 S and. 9 S. These are sites just outside the tall border of woodland sur- 
rounding the Broad and they are in rough meadow pastured by horses and 
cattle. In them, Jiincus obtusijlom Molinia cacrulm and Carex panicca are 
co-dominant, though Eriophorum angusfifolium is locally dominant in the 
hollows. Numerous fen species 0 ('(‘ur with tiu'se ])lants and in 8 S there are 
also large Sphagnuni tussocks. The peat is hrm and compact though it is still 
swamp peat excaq^t the surface layers. The water-le\’td below the Eriophorinn 
and Sphagnum in tliese arenas is 28 35 c.m. h(‘low the soil sui*face. Tlic surfac(‘ 
water under Enophorunt in a dyke in 9 S ga ve pH 5*53, the soil wati'r in a 
pit near by pH 6*02, and the swamp peat from 60 cm. d(‘pth in the same 
place pH 6-09. The peat just below Sphagnum in 8 S shovv('d pH 1*90. 

10 aS is a site no^ indicat(Hl on tlie map. It lies on the extreim* north-east 
margin of the ('altliorpe basin where the underlying silt rist‘s to cultivated 
land beside Waxham cut. It consists of a large area (perha])s 5000 sq. m.) of 
almost pure Erkyphoriun anguMiJoliutn which cont ains v(‘ry local d uncus effusus, 
occasional Phragfuites, and scattei-cnl small tufts of Sphagnuni. Tlu^ meadow, 
though possibly not all the area, is (uit for liay. Un the meadow side lU'arest 
the Broad white silt lies at 1 1 1 cm. from tlu^ surface, and it rises gradually 
to within 20 cm. of the surface where tlie Eriophorum is farthest from tlu^ 
Broad. Swamp peat overlies the silt. The water conttmt of th(‘ peat is low 
and water soaks very slowly into newly dug pits. Water from such a pit gav(‘ 
a pH value of 4*31 and water squeezed from a Sphagnum tuft a value of 3*91. 

11 S is the mowing marsh described under transect 13 T. Samples of 
various kinds \vere taken in addition to those on the transect. The surface 
water in an area with Sphagnu/m tusso(;ks gave pH 6*05, and the water in a 
shallow pit dug where Sphagnum and Cladium occurred tog(‘th(‘r gav(* pH 6*15, 
the surface soil at this point giving pH 5*12. 
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(3) Distrihytion of acifli/philous species. 

Tho map (Fi^. 3) presents most of the important data with respect to the 
distributioTi of acidiphilons species on tlie area round tin* Broad. Most of the 
localities shown have })een mentioned in tlie description of transects and 
separate sites. Tin' maf) is not inte?)(h‘r] to he reoard(‘d as necessarily including 
all existing sit(‘s for atddiphilous species thoiijzh it is believed to l)e fairly com- 
j)r(‘h(‘nsive. Tlu‘ SpJiaf/irunt sit(‘s sIiowcmI tin* following speci(\s’ : S. /imbmiiiny 
Wils. I.MS., N. sfjUfirrosrntt P(*rs., >S'. siihseefnuhnH N(‘es, >S. aeufifof iuio Khrh. 
var. sohmiens Dix. Mhium hnnnnn 1j. was found occaisionall v on tree* stumps 
under carr in tlu' region of 1 >S' and '1 1\ thoiiah n(‘V(^r on the peat surface 
its(‘lf. th(‘ mode of o(*currence strongly recaillin*^ the cases (|uot(Hl ))v l)r)min (1) 
from the Tatra IMountains of decompr»sin^ stumy)s and trunks as points of 
su[)port foi* th(‘ invasion of calcifu^ous elements into a calcareous region. 
Oe(*asi(>nally Pol ptrieho m eoontnoie \j. was found yrowiny anion^ the Sphaf/no to 
tussocks and this also is shown on the map. The Sphayna are all '‘low moor'’ 
s[)(‘ci(‘s. ami tlu' only a nyios])ermous s])e(‘ies sliown on the ma]). Eriophonoo 
aopust ijoU K ot . is ynuierally known to occur in similaj' liabitats. 

It will hav(‘ becoim* clear from tin* data that t1i(‘ indications of 

soil acidity yiven by the ])r(‘S(‘nc(‘ of these* speciecs have been uniformly con- 
lirrned by the electronu'tric rm‘asiirements of soil acidity, althou^di tlie acidity 
de\’<*lop(*d is s(*ldom extn‘me and mav in some easels be* veu’v slight (e*.^-. 
Ero^phoni ft( at the* south (*ud of 3 7’. wliich yrew in a reyion wliere the soil 
water was yiractically neutral). 

It is important to notice* tliat the* are'as beaiiny acidiphilons species 
{(i) occur on all side's of the Broad, and (6) are not found exce'pt at a con- 
sieh'rable distance from it. The* tirst |)oint indicati'S that their presence (and 
soil acidity) is not merelv elue to jiroximitv to the sanely upland margin of 
the* pe*at basin with only a shallow elej)th of i>eat (as could lx* said of some 
of the Sphitipnim areas on the seiuth side* of the Breead). for the pi*at basin 
e*xte*nds far to the north of the a?va shown on the ma]) and the peat eh-pth is 
e*e*? tainly over 2-5 m. The .se*cond point indicate*s that soil acidlt^^■ de'x elops 
naturally and protjre‘Ssive*l\' with distance* from the Broad, a faet alreaely 
su^^^U'ste'el by the* transects. 

The occurrence of the acidiphilons species is naturally subject to control 
by fae'tors other than that of soil reaction, and we* may ex])ect that of the 
dominant vegetation to be important. In this conne*ction it should be noted 
tliat Sph(i(/H urn, occurs in youn^ carr (especially Betuletum). in pathways in 
oakwood aivd old carr, in mowing meaelows along with Pheaiphiles, Juncus 
and species of Carexfxn mowing me'adows with EnophoruHi^aml in rough pasture 
with Molinia and Enophorum. Some degree of shading (and roughly corre- 

* I’\>r tlu' ioii ot tlw'sr ixoss sjH-cirs aixl also ol niaxv niorr not Ik'it irtiTn-d to, 

tlx‘ auDiors are grxatly iixJid)tod to Mr 1*. \V. Kichanls. 
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spending protection from desiccation) is afforded by all these habitats, but 
the denser shade of mature carr and of the tall uncut undergrowth in the 
oakwood appears to exclude Sphagnum. 

It is possible that the great abundance of Sphagnum in the young carr to 
the south of the Broad is due in part to the causes suggested above, that is 
nearness to the upland and shallowness of the peat, and in part at least in 
the south-east part of the area to protection against direct flooding from the 
Broad given by the high bank of the long straight dyke running about east- 
north-east. It is clear, however, that such an explanation cannot entirely 
hold for the south-west of the area where no dykes or banks intervene between 
Sphagnum sites and the Broad. 

Despite the local variations in density there seems no escape from the 
general conclusion that the acidiphilous species grow where they do primarily 
because these sites are sufficiently distant from the Broad and on peat grown 
sufficiently above reach of alkaline flood waters to become acid in reaction. 

V. Conclusions and disculssion. 

From the data given in the foregoing section, coiu'lusions can be drawn 
as to the development of soil acidity in the (/althorpe area, in relation to tlie 
course of vegetational succession and the progressiv(‘ invasion of the Broad 
and to the increawsing height of the ground-lev(*l above* the* waten'-tabh*, whicli 
goes with the succession. 

The ground appears to be acid just in so far iis it is removed from the 
influence of the ground-water of the Broad and tlu' dykes in (‘asy (•omin unica- 
tion with it. The low-lying re(*d-swamp, fen or carr clos(^ to the Broad may 
have a soil water which is only slightly acid, but further from the Broad the 
ground develops marked acidity and supports characteristic acidiphilous 
speedes. Lateral distance from the Broad and vertical height of soil-levad 
above water-level are the primary factors in protecting tlicse areas fi’om the 
effect of the alkaline Broad water, and in general they run parallel with one 
another and with the main course of vegetational zonation and suc(‘ession. 
Thus the reed-swamp is lowest in level nearest the Broad and is in the earliest 
phase in the above-water succession. The carr dominated by bushes is the 
next successional stage: it occupies a zom? further from the Broad and has 
a higher soil-level. The wood, which possibly represents tlu' climax phase of 
tlie prisere, forms the outermost zone round tlie Broad and lias a soil-level 
highest above Broad-level, 

In relation with this sequence of controlling factors there is a progression 
in the soil acidity from the Broad outwards; and, in general, the most ad- 
vanced communities are the most acid. As would be expected however, local 
conditions of various kinds modify this progression : thus, wherever the depth 
of peat is slight or where areas are separated from the Broad by high banks, 
flooding may be expected to take place less readily and acidity to be more 
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marked. This may in part explain the very prevalent hif^^h acidities along the 
southern margin of the Calthorpe area. 

The leaf litter from trees forms acidic humus (as for example especially 
below beech, see Watt and Tansley (12)). This miglit enhance the acidification 
of the soil in later stages of the succession, but that it is by no means an 
essential factor is shown by tlu^ development of Hphagneta and Eriophoreta 
on completely treeless mowing marshes and meadows, and by tin* gradual 
transition from alkalinity in mu(di (‘arlier |)hases of tlie vegetational sucf^ession. 

The logical outcamie of these results is that of acinic peat and 

its colonisatm^^^ by acidiphilom species mast be regarded as the normal residt of 
vegetational succession from some, at leasts of the originally alkaline Broads 
of Norfolk. The occurrence of Sjjhagna and other acidiphilous species is not 
interpretable in tc^ms of local (extensions of ujiland communities, but as an 
indication that a certain stage of normal soil development has been reached. 

The suggestion that progressive* soil acidification might be the result of 
normal developmental processes has, of course, been made previously: 
in a footnote to Miss Pallis's descrijitions of l^)roadland Hphagneta in Types 
oj British Vegetation (4), Tansh‘y has added: ‘ Similar (fen) associations are 
well known to pass r(‘gulaii}' into moor on tin* contin(*nt, and there is evidence 
from the p(*at records that tln/y have* done so in the* past in this country. 
In tlie sann* book. Munn Haiikin d(‘scrib(‘s the t‘viden(*e from succession of 
peat strata that tin* lowland moors of Lonsdale in North Lancadiire have 
been deriv(*d from fens. It will. how(*v(‘r, he mojc* satisfactory to compare 
th(‘ stages in the (adthorp(‘ ar(‘a with (‘xisting types of similar vegetational 
succession such as those d(‘scribed t)v Htefh*!! for North-east (iermany (10), 
and by iVarsall for the ladce District of this country (5). Ht(*fT(‘n has described 
the following seijuence of communiti(*s from op(*n water in the delta of the 
Itiver Memel in North-east (h*rmanv. Fre(‘-floating and rooted aijuatics of 
the open water giv(* jilace to r(*ed -swamp, wliich by progressiva* interlacing of 
roots and rhizomes forms a platform of increasing strength floating upon the 
lake mud or lake peat. This is the *' Schwingmoor ’ which rocks and bends 
when walked upon^, and which by continual aggregation of material eventually 
consolidates the underlving peat and so establishes firm ‘‘ Htandmoor.” This, 
where the ground water has a high concentration of mineral salts, is “Stand- 
hachrnoor,’’ whicli becomes shrut) and tree coven'd to give alder wood, 
Erlenstandmoor.’' With increasing growth of peat above the level of tlu* 
ground water leaching of mineral salts begins, and witli it vegetational 
changes; especially important is tin* entry of Sphagna under suitable con- 
ditions. Birch and pine also enter, and a so-called Miscliwald-Zwisclienmoor 
is formed. This passes into pine (or birch) Zwischenmoor ' with a very 
limited and characteristic acidiphilous ground vegetation. Finall}', if con- 
ditions of humidity, rainfall, etc., are favourable, coiitinued development of 
' See also Weaver and Clements, p. 72 (13). 
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Sphagnum, peat leads to tlie ultimate replacement of this by ‘‘ Hochmoor” in 
which the only trees are a few dwarfed pines. Under conditions of lower 
rainfall this climax may not be reached, and development is arrested in an 
earlier stage. It can be seen that the sere embraces the entire transition from 
Jlachmoor to Hochmoor with progressive edaphic modifications, from the 
alkaline open water rich in mineral salts to highly acid Sphagnmn moor poor 
in salts. 

Pearsall (6) in 1918 suggested a scheme for the classification of aijuatic 
plant communities which was based on the principle that {a) open water 
aquatic plant communities, (b) fen, and (c) moor were phases of a unit suc- 
cession, and though this was based essentially on observations in tlie Lake 
District, l^earsall considered the principle to apply to all parts of this country, 
quoting supporting evidence from descriptions of areas in Cheshire, 8om(‘rset 
and the Norfolk Broads. Of the last he says: ‘'local conditions (low rainfall 
and rich soil waters) extend the importance of the earr stage, while cultivation, 
drainage and especially climate limit the dev(‘lopmcnt of moor.” From his 
work on the vegetation ol Esthwaite AVatm* he concluded “that moor can be 
regarded as a climatic formation is proved l)y its permanence in the wi'steni 
parts of the British Isles. Both present observations and the peat evidence^ 
show that the hydrarch su(‘cession does not, as in the IbS.A., pass into forest.” 

It is not difficult to accept the view that in the west of England, moor is 
indeed a (dirnatic climax community, and it may certairdy be asso(‘iat(‘d 
with high rainfall, or more exactly, perhaps, with high values for th(‘ rainfall/ 
evaporation ratio. The succession to deciduous woodland in North America, 
presumably under conditions of lower rainfall or lower rainfall/evaporation 
ratio is at least equally well attested, so that we may well ask wliat intei- 
mediate vegetational developmcmt between the two occurs in regions of 
intermediate precipitation and evaporation. In Esthwaite Water, Pearsall 
describes an early formed carr dominated by Salix cinerea as the oiih" phase 
in the succession controlled by phanerophytes and this quickly gives place 
to Molinietum which passes into moor. As we have seen, he considers that 
East Anglian conditions extend the importance of the carr stage. Our pre- 
liminary observations suggest that the stage may indeed be (‘xtended so far 
as to give for a long time, if not permanently, a community of deciduous 
woodland. If this is indeed tlie case, the gradient of rainfall and evaporation 
from west to east across England may really be effectively determining two 
types of climatic climax, moor in the west and deciduous wood in tlie east. 
At the same time, although we may deny the likelihood of the sere nuiching 
the same climax of moor in the east, as in the west of England, the present 
results do show edaphic processes of exactly similar nature at work; that is, 
progressive accumulation of peat to the point of the complete filling in of 
open water, and then leaching and progressive acidification of the surface 
peat, with a corresponding establishment of some characteristic acidiphilous 
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species where other conditions arc suitable. The Calthorpe area (and probably 
the Broads region as a whole) may indeed lie looked upon as intermediate 
between the type of succession in which Spliagna dominate the later stages 
of development and determine th(i absence of woodland and establishment of 
a Hochmoor climax, and the type of siH'-cession from which fSpliagna are 
absent and which ends in a climax of deciduous woodland. In this area 
Sphagna appear abundantly in special local conditions, but do not affect the 
trend of the succession to a climax of deciduous woodland. 

There is in the Calthorpe area no evidimce as to whetlier t\e oakwood 
climax approaches that of naturally drier soils in this country (such as have 
been described by Salisbury (8)) or whether th(‘y reach some stable form 
intermediate between such oak woods and moors (perhaps an acid birch-oak 
heath type of wood). We hope that future work may be aide to elucidate 
the point. 


VI. SUMMARV. 

1. Calthorpe Broad is a northiuly part of the Norfolk Broads system. It 
shows a concentric arrangcuneiit of plant communities round it in the shape 
of (a) reed-swamj), (/;) carr (scrub), (c) woodland, and then* is evidence to 
show that these are dev(do|)m(*ntal stages of a primary hydrarcdi succession 
whicdi is still going on, Sonu* communities subject to crop-taking ('‘mowing 
marshes *), and some to grazing are also present. 

2. Tlie carr is dominated by alder, sallow and l)irches, and the woodland 
by oaks and l)irches, with l(‘ss fr(R{uent alders, ash(‘S and })lanted pines. The 
general character of tin* vegidation is that of Niedermooi * which is in 
keeping with the alkaline nature of the water of the Broad, and with current 
conceptions of the status of tln‘ veg(*tation of the Norfolk Broads. At the 
same tinu', several acidijdiilous sjjecies are found at Calthorpe, and their 
distribution suggests that tln*v have appeared in relation to a naturally 
developed acidity of the glowing peat. 

3. Observations of veg(‘tation, of tin* height of the peat above water-level, 
and of the reaction of tin* soil (determined by the quinhydrone electrode), 
wen* made along transects radiating from the Broad in various directions 
and also in separate sit(‘s. The results show tliat, througliout the vegetational 
succession, as (a) the ground-level ris(\s and (6) distance from the Broad in- 
creases, so the soil acidity in(*reast*s. Those communities lowest and nearest 
tlie Broad have approximately neutral soil, and those away from it liav(* 
pH values as low as 5*0. Extensive Sph(i(/)nnn undergrowth may occur in 
carr, in mowing marslies and in pastur(‘s, l)ut it does not appear to affect the 
development of the succession to the mixed oakwood climax. 

4. It is concluded that progressive soil acidification and the corresponding 
establishment of acidiphilous species must be regarded as the normal result 
of vegetational succession. In view of this the succession in the Calthorpe 
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area is compared with those described by Steffen for North-east Germany, 
and by Pearsall for the Lake District of this country, both of which lead to 
the establishment of Hochmoor. It is suggCwSted that the Broads area is 
possibly intermediate between these types and those in which deciduous 
forest is the unmistakable climax community. 

The authors wish to express their sincere thanks to Dr Robert Gurney, 
who has not only given them the fullest access to his property at (Jalthorpe, 
but who has interested liimself |)ersonally in the work and facilitated it where 
possible. 
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FURTHEIl OBSERVATIONS ON THE SALTMARSH AT 
HOLME-NEXT-THE-SEA, NORFOLK 

By V. M. CONWAY. 

[With Plate XI 11, one Figure in the Text and one Foldimj Map.) 

The saltmarHli and sand-dunes at Holme-next-the-Hea have beer under in- 
vestigation by rneml)ers of tlie Cambridge Botany Scdiool from time to time 
during the last twenty years. The accompanying map of this area, made in 
vVugust, Ihlll, is intended for comparison with the one made in 1913 and pub- 
lish(‘d in 1915 ( 1 ). Acauirate methods of survey were not available, but it is 
estimated that 3 per cent, is the maximum error to which the measurermmts are 
liable. No Ordnance Survey of the district has been published since 1 905, so that 
it has not be(‘n possible to check th(‘ mapping try this means. The y>osts 1, 111, 
IV, V and VJ of tlu* 110 3 base-line were found and tin* jmsition of IJ measured 
out. By a geometrical nudhod perpendiculars to the base-line were made 
tlirough eacli [)ost and a lin(‘ was mark(Ml out in 1 11 S parallel to the base- 
lim» and 1 chains south of it. and a similar one in 11 111 S, 2 chains south 
of the bas(*-line. Tli(‘ shingle-fan in IV V N was nn'asured across its greatest 
length and breadth. The vegetation was ma{>]>ed by making not(‘s of the type 
of association in eacli cliain measured along these lines. In mapping the 
int(*rmediat(‘ regions use was made of the fact that the main drainage channels 
had alt(‘r(‘d so little that their geinu-al course* could be adopted from the 1913 
map, while slight alterations could iu' mapjxHl by eye. Bools and small 
channels wen* also rnappi'd along the trans(*cts and as accurately as possible* 
bv eve in the intervening regions, except in the* most southern area where 
then’ w<‘re too numeu'ous to ]>e dealt with. The* accurate re*j)r(\sentation of the 
shape' and size of tlie pools eainnot be guaranteed, but it is hopeel that every 
pool ove'r a vard in length has been indicated so that a comparison of the 
numbers at h'ast is possible'. 

No att(*mf)t was made to re'-map the ve'getation on (dore Point and on 
the' south bank, as it see*med to have changed little' since 1913. 

The following are the most important points brought out by a e*omparison 
of the two maps. 


1. Topographical changes. 

The process of erosion observed by Wadham ( 2 ) and Peace ( 3 ) has con- 
tinued. It is estimated that since 1913 Gore Point has been eroded back 
44 yards in a south-east diree'tion. A very high spring tide which occurreel 
during the period of observation came right up to the fixed dunes and in 
places undercut them so that as much as a yard of the fixed Anrmophila dune 
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was broken away. In the region III-V N a wide breach was made between 
July, ;]930 and July, 1931 (see PI. XIII, phot. 1); the spring tide flows over 
it and if the border of Suaedafruticosa dies, it seems likely that winter storms 
may force a deeper entry at this point. The breach is reported to have widened 
by November, 1931. The spring tide also washes over the shingle region in 
II-III N and it appears at present that before long all the dune ridge north 
of III will be broken away. Should this happen, the marsh will be open to 
the force of winter storms and there may be a risk of damage to the bank 
on the south which protects reclaimed land. The diagrammatic scale-map 
(Fig. 1) illustrates the extent of the erosion (cf. ( 2 ), Figs. 1 and 2, and ( 3 ), 
Fig. 1). 



Fig. 1. Small 8(^alf‘ map of the Marsh in lOlM. 


Vegetation of dunes and laterals. 



Embryonic dunes. 

Vegetation of marsh. 

•— Limits of vegetation in 


1913. 


Shingle banks in 1913. 

» • — • • Course of c^ast end of Channel in 1913. 


The shore in VI-VII N on the other hand does not seem to he suffering 
erosion; where in 1913 there were embryo dunes there is now a definite ridge 
bearing a typical A mniophila vegetation. 

At the west end of the marsh the increased number of bungalows has led 
to various minor changes, such as the widening of the cart-tracks and the 
removal of turf in places. 

II. Changes in the vegetation. 

The shingle bank at the mouth of the channel was described in 1928 ( 3 ) 
as having fused to the main dune ridge and as bearing a vegetation for the 
most part in the embryonic stage. The more eastern part has now almost 
reached the Ammophila dune condition. Behind it there has been considerable 
colonisation of the muddy sand. Suaeda maritima var. macrocarpa now forms 
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a uniform though not dense covering over quite a large area (see PI. XIII, 
pilot. 2). It is, however, an annual and possibly at its greatest development 
in August so that its part in permanent colonisation may be small. Observa- 
tion over a longer period would decide this point. 

The (Uyceria-Obione society on sandy mud has extended eastwards and 
Rlative iim/mium and Aster tripfdium have followed in the lower-lying parts, 
while Siiaeda fruticosa has spread considerably, especially on a slight ridge 
parallel to the river. 

The vegetation of the lateral ’ round atiout post III corresponds to the 
description given in 1928 ( 3 ). The old breaches represented by shingle-fans 
thrown over the marsh in III IV N seem to have been obliterated by the 
formation of a dune ridge, but the region of the marsh just inside the dunes 
seems complex iind further work on it is at present in progress. 

Kxc(‘pt near the mouth the limits of the main communities have changed 
little. The western end of tln^ marsh has Ijecome drier if judged bv a com- 
parison of the number of pools but this doos not necessarily indicate less 
frequent inuiKlation l)y the tide. 

The following notes deal with the distribution of particular species. 

Siiaeda fruticosa. Th(‘ sj)read over the ‘ new lateral ’ in Il-III has been 
d(‘scribed (2 and 3 ). More l)iishes occur scattered along the edges of the 
channels tluin in 1913 and a most striking feature is th(‘ large number which 
occupy the banks of the main channel in V to Vi S. In 1913 this was charac- 
terised by an abundance' of Suacda nuiritinui var. jlcj'Uis, of whi(*h there are 
now^ few specinnms in that region. Oliver and Salisbury ( 4 ) state the following 
points with regard to Su(ic(/a fruticosa: 

( ! ) It is a sliingle plant. 

(2) It flourish(*s in places \vh(‘re the tidal drift carries an abundance of seed. 

(3) It nt‘eds a fairly stable substratum or the seedlings cannot survive. 

(4) It may flourish better where there is some quantity of humus. 

That it is not exclusively a sliingle plant is proved by its distribution in 
this marsh, and it is noticeable that the bushes which grow in mud or sandy 
mud generally sliow a mon* luxuriant growth than those which grow on 
shingle. Conditions (2), (3) and (1) are fulfilled by the habitats in which the 
bush occurs here. 

There has b(*en a gnuit loss of bushes from the distal end of the lateral 
in IV V N. Further the line of bushes on the seaward border of the new 
shingle fan is looking very sickly, esjiecially those branches on the seaward 
side (see PI. XIII, phot. 2). A possible explanation is that damage is done 
by onshore winds which may be very fierce and carry much sand witli them; 
if this is so it may be that the death of the bushes on the tip of the lateral 
is due to loss of the shelter originally provided by the dune ridge which is 
now almost washed away. Shelter from wind and the frequently accom- 
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panying sand may, therefore, be another factor limiting the distribution of 
this species. 

Obione portulacoides. Since 1913 the fringes along the main channels have 
extended along the smaller tributaries, often nearly blocking them, but the 
most striking spread has occurred in the region between III and IV where 
it now dominates definite areas forming a well-marked society. Occasional 
tufts of Glyceria maritima are found in this society, but they look unhealthy 
and are rare where the Obione is most luxuriant. This society may be 
described as: 

Obione jxjrtulacoidos d. Nalieornia cnirofmea o. 

SuaefJa maritima var. flexilis a. (Jlyeeria maritima o. 

Aster tri])oliiim l.a. 

The Aster is especially characteristic of the channels which are being 
blocked up. 

The belts of Obione just inside the Snaeda fruiicosa zone are not so well- 
marked as in 1913, but the distribution in the westcu’n Arrneria zone and in 
the shingle patches corresponds closely to the description given then ( 1 ). 
The factors which govern the distribution of Obione are at present rather 
obscure. It has the most luxuriant vegetative growth in the mud of tin* 
central regions of the marsh but though its size is less on sand or shingle it 
seems to thrive satisfactorily. A possible explanation is that it cannot stand 
waterlogged soil for long periods. This is supported by the recent observations 
of a party from the Cambridge Botany School that it does not grow on soil 
lower than a certain level, and by its position on channel banks where the 
soil would remain v aterlogged for a minimal length of time. 

Aster tripolknn. On the south of the main channel this species only oc- 
curred occasionally further east than about halfway Ix'tween III and IV^ 
whereas in the 1913 map it is indicated as occurring abundantly well in the 
(Ayceria-Salicorriia region of II 111 »S, i.e. the species seems to have retreated 
to the west. This plant very often seems to be the second species to colonise 
bare mud. It may be seen associated with Glyceria or Salicornia in drying 
pools or on islands in the channel, but is rarely seen by itself in such a position. 
Possibly the seedlings are easily washed out of bare mud, but at present the 
distribution of the species has no obvious explanation. 

General discussion. 

The factors mainly responsible for the distribution of the salt-marsh 
societies are difficult to distinguish clearly and much work remains to be done 
on water levels, drainage, aeration of the soil, nature and effect of the deeper- 
lying soils, and so on. 

That Arrneria needs a definitely sandy soil to become dominant seems 
established by the diggings and soil analyses made by Marsh in 1913 ( 1 ). 
The central position of the Statice society, coinciding roughly with the area 
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covered by the ordinary spring tides, suggests that the conditions favouring 
it are either a larger proportion of mud in the soil or more frequent inundation 
by sea water than occurs in the Armeria zone. But more frequent inundation 
would also involve the greater deposition of mud, so that the two effects can 
only be separated by experiment. One of the most difficult regions of vegeta- 
tion to interpret is the zone of Armeria surrounding the tip of the lateral in 
IV-V N. Tliis is low-lying and seems to be no different from other regions 
where StMice lihionium is present, but sand blown in from the dunes may be 
an important factor in this region. 

With regard to the succession of the societies it seems likely that the 
scheme given by Marsh ( 1 ) may need certain alterations in detail, for example, 
the Statice society may possibly follow Glyceria-Ohioru^^ on sand.” The 
presence of a definite Ohione society is a further complication and the extent 
to which it will spread and how far it will affect the general succession is 
difficult to predict without further knowledge. 

Marsh suggested that the Armeria zone was extending eastwards so as to 
replace tlie Statice society, l)ut the process does not seem to have gone far 
since then, judging by the two maps. It is possible that the succession over 
the marsh in gfuieral has not advanced as might have been expected, because 
the erosion of tlie slion* has allowed the tide to enter more freely so that the 
raising of the soil-level by tlie deposited mud and by sand blown in from the 
dunes has been balanced by the greater depth of immersion by the tide. 

The writer is gri'atly indebted to Dr Godwin for his encouragement and 
suggestive criticisms, and to Miss M. H. Rogers for assistance in the field. 
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SECOND REPORT ON THE TRANSPLANT EXPERI- 
MENTS OF THE BRITISH ECOLOGICAL SOCIETY 
AT POTTERNE, WILTS. 

By eric M. MARSDEN-JONES and W. B. TURRILL. 


{With Plates XIV and XV and four Graphs in the Text.) 

Since the preparation of the first report (October, 1929) the Transplant 
Committee has met at Potterne and Kew and has approved the methods of 
conducting the experiments in 1930 and 1931. At the last meeting the Com- 
mittee decided to discontinue the experiments with Silene vulgaris and to 
reduce the number of Anthyllis plants. It was also decided to accept Dr 
Gregor’s offer of cloned diploids and hexaploids of Phleum pratense for trans- 
plantation. 

The material of Fragaria vesca was cloned and transplanted in the spring 
of 1932. 

The Committee suggested that preliminary experiments should be made 
with Ononis spinosa L. and its var. mitis (L.), Solanum dulcamara L. var. 
marinum Bab. and Beilis perennis L. 

Only a few references are made in this report to the reserve plants at 
Kew, because in the middle of the period they had to be moved to a new 
Herbarium Ground owing to building operations. 

Corrections. The position of Potterne (first report, this Journ. 18 , 352) 
should read lat. 51° 21' N. and long. 2° W. The KgO (total) for calcareous 
sand {l.c. p. 354) should read 0*1581 not 0*1548. 


Meteorological data. 


iiainfall 


Temperature 


Max. 



Kelativc f ' ^ 

humidity Rainfall No. of 

V — — ^ in inm. “rain days” 



r — 


^ 

' 

Max. 

Min. 

^ 


' 

1930 

" c. 


^C. 

o p 

o 

/o 

o/ 

o 

Week 

Month 

Week Month 

Jan. 1- 7 

10 b 

51 

-M 

30 

95 

57 

23 7 


4 

„ 8-14 

12-2 

54 

M 

30 

95 

bO 

300 


4 

,, li>-21 

15 0 

59 

0 

32 

95 

58 

0-0 


0 

„ 22-28 

8‘9 

48 

-Ob 

31 

93 

59 

30-2 


(i 

29-31 

8-9 

48 

~M 

30 

93 

53 

KrO 

9911 

2 lb 

Feb. 1- 7 

7-2 

45 

- M 

30 

95 

58 

8*2 


3 

„ 8-14 

7-8 

4b 

- 2-2 

28 

95 

54 

15 


1 

„ 15-21 

7-8 

4b 

-3'9 

25 

95 

45 

0 5 


1 

„ 22-28 

IM 

52 

-2-8 

27 

93 

59 

2-5 

12-7 

2 7 

Mar. I- 7 

133 

5b 

- 0*b 

31 

95 

5b 

b-7 


3 

„ 8-14 

IM 

52 

-0-6 

31 

95 

42 

20-2 


b 

„ 15-21 

IM 

52 

-11 7 

11 

95 

51 

140 


2 

„ 22-28 

17*2 

b3 

- M 

30 

95 

43 

3-5 


3 

.. 29-31 

183 

b5 

M 

34 

94 

50 

30 

47-4 

1 16 



JOURNAL OF ECOLOGY 


VoL. XXI, Plate XIV 




i O 






AT POTTERNE 


Face p, 268 



Eric M. Marsdkn-Jones and W. B. Turrill 209 


Temperature 










Max. 


Min. 




A 






r 




1930 

“C. 

0 F. 

°C. 

" F. 

Apr. 

1- 7 

17-8 

04 

M 

;h 

8-14 

200 

09 

0 

32 


16-21 

13 3 

50 

0 

32 


22-28 

19 4 

07 

3 9 

39 


29-30 

200 

08 

00 

33 

May 

1- 7 

20 0 

(i9 

2-8 

37 

8-14 

18-9 

00 

3 3 

38 


16-21 

200 

()9 

4 4 

40 


22-28 

24-4 

70 

0-7 

44 


29 31 

23*9 

75 

100 

51 

June 

1 - 7 

32-8 

91 

01 

43 


8-14 

:too 

87 

0-7 

44 


15-21 

28-3 

8.3 

10 0 

,70 


22-28 

20-7 

80 

50 

41 


29-30 

300 

8() 

12 H 

;>;> 

July 

1- 7 

300 

HO 

8-9 

48 


8 14 

20-7 

80 

(>•7 

44 


16-21 

200 

09 

0 1 

43 


22-28 

2M 

70 

8 9 

48 


29 31 

23 3 

74 

7-8 

40 

Aug. 

1 7 

22-2 

72 

7-2 

45 

8-14 

24 4 

/♦» 

111 

52 


16 21 

•)•>■’> 

72 

0 1 

43 


22-28 

34 4 

94 

83 

47 

ff 

29 31 

34 4 

94 

8-3 

47 

Sept. 

1- 7 

28 3 

83 

0 7 

44 

»* 

8 14 

•)*).•> 

72 

5 0 

42 


15 21 

20 0 

i\H 

7-8 

40 


22-28 

24 4 

70 

0) 1 

43 


29 .30 

19 4 

07 

7-8 

40 

Oet. 

1- 7 

19 4 

07 

7 2 

45 


8 14 

18 3 

0»5 

0(i 

33 

ff 

1,5 21 

18 9 

o<i 

2 8 

37 


22 28 

13 3 

50 

0 

32 

tf 

29 31 

14-4 

58 

8-3 

47 

Nov. 

1- 7 

13 9 

57 

-3 9 

25 

ff 

8-14 

15 0 

(>0 

2-2 

28 

ff 

15 21 

13 3 

50 

- 8-3 

17 


22 28 

13 3 

51i 

- 1 1 

30 


29 30 

7-8 

40 

50 

42 

Dee. 

1- 7 

8-9 

48 

- 17 

29 


H-14 

10 0 

"lO 

- 5 0 

23 


15 21 

8-9 

48 

-2-8 

27 


22 28 

111 

52 

- 11 

30 


29-31 

8-9 

48 

— 2''' 

28 

1931 





Jan. 

1- 7 

4 4 

40 

-7-2 

19 


8 14 

(i-7 

44 

- 7-2 

19 


15 21 

100 

51 

-0 0 

31 


22 28 

9-4 

49 

2-8 

27 

ff 

29 31 

0*7 

44 

-2-8 

27 

Feb. 

1- 7 

8-3 

47 

- 3 3 

20 


8-14 

IM 

52 

-3 3 

20 


15 21 

9-4 

49 

- 2*2 

28 


22-28 

IM 

52 

-11 

30 

Mar. 

1- 7 

8*3 

47 

- 50 

22 


8-14 

12-8 

55 

- 11 1 

12 


15-21 

10-7 

02 

-2*8 

27 


22-28 

200 

09 

- 2-2 

28 

*• 

29-31 

12-2 

54 

2-2 

36 


Rainfall 


Relative 

humidity 

A 

. ^ 

Rainfall 
in mm. 

^ 

No. of 
“rain days” 

^ 

r 

Max. 

Min. 

f— 




»/ 

/o 

o/ 

/o 

Week 

Month 

Week Month 

95 

47 

19;7 


3 


95 

43 

14-5 


5 


95 

48 

8-7 


3 


94 

44 

1.7-2 


3 


95 

38 

O-O 

57-9 

0 

14 

95 

39 

21 7 


4 


95 

48 

13-7 


4 


95 

45 

1-5 


2 


95 

40 

50 


3 


94 

42 

7 -.7 

49-4 

3 

10 

94 

32 

0 2 


1 


95 

40 

K) 0 


1 


94 

42 

15 


1 


94 

.30 

40 


2 


94 

3<> 

11-5 

33-2 

1 

0 

94 

35 

0-0 


0 


94 

,34 

4 7 


o 


92 

44 

23 2 


0 


93 

52 

13-2 


f) 


93 

42 

1,3() 

54-1 

•) 

10 

94 

40 

410 


4 


91 

40 

5-0 




94 

40 

22-0 


.7 


90 

40 

• »' i 


3 


93 

40 

0-0 

73*7 

(.) 

15 

9.3 

38 

12 


•> 


92 

52 

18-2 


4 


94 

55 

4i)-5 


7 


93 

52 

9 2 


V} 


92 

,77 

5-7 

83-8 

1 

20 

92 

.70 

13 0 


,7 


92 

49 

OO 


2 


93 

52 

11-5 


5 


93 

.77 

10 5 


5 


92 

(>3 

5-2 

40 2 

•> 

19 

93 

40 

15 2 


.3 


93 

50 

00 


0 


92 

50 

41-5 


.7 


9.3 

.74 

44-7 


i 


<K) 

82 

1-2 

1U2-G 

1 

10 

92 

1 5 

12-5 


o 


91 

(>.7 

24 ^ 


5 


92 

04 

llO 


o 


1M4 

07 

1)7 


4 


92 

72 

10-5 

80 2 

3 

10 

91 

75 

3-7 


•> 


!M) 

.74 

3-0 


2 


!)3 

,70 

3 5 


4 


94 

.70 

25-0 


() 


93 

04 

12 7 

470 

•> 

10 

93 

58 

8-2 


4 


94 

48 

20-7 


0 


94 

53 

10-7 


0 


94 

48 

15-7 

01-3 

4 

20 

IM) 

38 

50 


•> 


92 

40 

1-5 




02 

40 

50 


1 


93 

32 

0-5 


1 


75 

35 

0-5 

12-5 

1 

7 


18-2 



270 


Rainfall 




Temperature 


Relative 

^ 



— 

^ 


,, 




' 'I 

huinijity 

Rail) bill 

No. of 


Max 


Min. 

— 



in 1 

turn. ‘ 

rair 

1 days 


A 



A 




.-V , - 


A 

1931 

c. 

o 

^ " 0. 

' A 

F. 

% 

f)/ 

/O 

Wee k 

Month Week 

Month 

Apr. 1- 7 

2()(i 

09 

00 

33 

90 

35 

28*7 


5 


„ 8 14 

20() 

09 

M 

34 

93 

37 

3*2 


1 


1o-:J1 

150 

59 

0 

32 

94 

39 

13*2 


5 


„ 22-28 

14*4 

58 

0 

32 

93 

47 

24 0 


(i 


„ 29-30 

17-8 

04 

0 

32 

90 

41 

00 

09*1 

0 

17 

May 1- 7 

20-0 

08 

0 

32 

93 

37 

8-7 


3 


„ 814 

23-3 

74 

50 

42 

93 

32 

8-0 


2 


„ 15-21 

17-8 

04 

M 

34 

92 

44 

9*2 


4 


„ 22 28 

24-4 

7(> 

0-7 

44 

92 

42 

35*0 


4 


„ 29-31 

200 

08 

8-9 

48 

92 

51 

2-5 

03*4 

3 

10 

June 1- 7 

28-9 

84 

0-7 

44 

91 

41 

13*5 


4 


„ 8-14 

23 3 

74 

10-0 

50 

93 

50 

3(>() 


5 


„ 15-21 

23 3 

74 

7-8 

40 

92 

44 

15*2 


3 


„ 22-28 

2(M 

79 

3 3 

38 

93 

41 

7*0 


1 


„ 214-30 

27*8 

82 

7-8 

4i» 

91 

30 

00 

717 

0 

13 

July 1- 7 

20-7 

80 

7-2 

45 

92 

47 

25*5 


0 


8-14 

23-3 

74 

7-8 

40 

93 

50 

41*0 


0 


„ 15-21 

2M 

70 

4 4 

40 

92 

47 

15*0 


5 


„ 22-28 

250 

77 

8-9 

48 

90 

43 

24*5 


4 


„ 20-31 

23-3 

74 

IM 

52 

90 

52 

1*7 

107*7 

1 

22 

Aug. 1- 7 

2()-7 

80 

10*0 

51 

91 

40 

10*0 


3 


„ 8-14 

23-3 

74 

0*1 

43 

93 

33 

24*5 


4 


» 15-21 

22-8 

73 

0*7 

44 

92 

47 

412 


5 


22-28 

254) 

78 

3 3 

38 

93 

30 

5*5 


1 


„ 20-31 

22*8 

73 

9*4 

49 

90 

50 

5*7 

80*9 

2 

15 

8ept. 1- 7 

20*0 

08 

17 

35 

92 

47 

44*7 


0 


» 8-14 

20(; 

09 

1*7 

35 

90 

40 

1*5 


..) 


li)-21 

23-3 

74 

3 3 

38 

92 

42 

2*2 


I 


22-28 

1()*7 

02 

3*3 

38 

90 

42 

0*0 


0 


„ 20-30 

10 7 

02 

8*9 

48 

80 

51 

0*0 

48*4 

0 

9 

Oct. 1- 7 

200 

()8 

5*0 

42 

90 

45 

24*5 


3 


„ 8-14 

2M 

70 

M 

34 

90 

40 

2*0 


2 


15-21 

17-2 

03 

-4*4 

24 

92 

48 

0*0 


0 


„ 22-28 

13-3 

50 

- 5-0 


93 

44 

00 


0 


„ 29-31 

IM 

52 

-1*7 

29 

90 

54 

1*0 

27*5 

1 

() 

Nov. 1- 7 

200 

(»8 

4 4 

40 

92 

41 

45*7 


5 


8-14 

13-3 

50 

M 

34 

92 

51 

17*2 


5 


„ 15-21 

IM 

52 

0 

32 

92 

50 

9*2 


3 


22-28 

12-2 

54 

0*0 

33 


50 

10*2 


5 


„ 29-30 

50 

42 

3 3 

38 

87 

80 

20 

90 3 

I 

19 

L)cc. 1- 7 

13*9 

57 

- 1 7 

29 

90 

50 

15*7 


5 


8-14 

111 

52 

1*7 

35 

90 

71 

0*0 


0 


.. 15-21 

8-9 

48 

- 0*7 

20 

88 

04 

1*7 


1 


„ 22-28 

11 1 

52 

- 17 

29 

88 

57 

2*0 


2 


„ 29-31 

0-7 

44 

-0*7 

20 

90 

50 

2*5 

21*9 

1 

9 





Rainfall. 1929. 






November 


mm. 



Decern lK>r 

mm. 




1- 7 


18*0 



1 - 7 


52-5 




8-14 


19*5 



8-14 


40*5 




15.21 


35*5 



15 21 


14*0 




22-28 


01-7 



22 28 


17*5 




29-30 


7*5 



29-31 


7*5 




Totals 

142-2 





1320 



The rainfall figures 

for November 

and December 

, 1929; 

, are given 

in 

order 


to complete the records since the meteorological instruments were installed 



Erio M. Marsdkn-Jonk8 and W. U. Tuhrill 


271 


(see first report, p. 355). For 1930 the total annual rainfall was 761-1 mm. 
(30*8 in.) and for 1931 708’6 mm. (28*4 in.). The absence of any long dry 
summer period characterised both years, especially the latter. The effects of 
prolonged summer drought recorded for 1929 in the first report were not 
tfierefoni repeated. The distribution of rainfall throughout the warmer months 
of the year and the conscMjuent usually high soil moisture content affected 
the plants by “puddling” of the clays and by affording favourable conditions 
for slug developra(uit. It also favoureri the development of mosses and tiie 
increase of snails (see below). 

Advent of btotk! factors. 

In the winter of 1929 30 mosses appeared in some abundance on the 
undisturbed parts of the l)eds not occupied or shaded by the plants. In order 
of greatest area covered by moss (regardless of the species) the beds were 
scored on 27. i. 30: calcareous sand, chalky clay, sand, Potterne soil, clay. 
This order was retained throughout the period under n-view in tliis paper, 
i.e. up to December, 1931. The species r(*corded were: 

Sand : 

Hryum H|>. (harr(‘n) IlKtU, lU.'O. lirachvthociiini glareosum U, ct S. IH.'U. 

}lvpeuiii Hp. (Imrn'ii) IlK'tO. Hrvtiin atropurpnrf‘urn VV. vi M. {prol»ably} DKil. 

(VTatfnlorj Hrid. DK'O . 1 nmrat iila Liridb. 

Calcareous sand: 

Hryum nr^ont<Mnu E. le.'lU, le.'ll. Fuiiaria hyjiroinotri^ a Sihth. 1931. 

ItarlMila urij'uiculata Ihdw. 1930. 19.31 — 
al>iiii(iarit. 

Clay: 

Barbula unguic ulata Hfdvv, 19,31. 

Chalky clay : 

Fottia truiuatula Eiinlli. 19.3i). Brarhytlu'rium ^jlan'o-sum IE ot S, 1931. 

Barliwla i-onvoluta llcdw, l!K30. Barhula ulata Medw. 1931. 

Fhaacuiii ourtpidatiiin Sohrol^, 19,30. Funaria hygr«)iui*tri( a Sibth. (a very little) 1931. 

Reserves on Potterne soil: 

Bryum np. (barren) 1931. Pottia truneatrda Lindb. 1931. 

Phase uin eiispidatiiiii Selirel), 19.30, 19,31. Barbula eoiuoluta lie<i\v. 19,31. 

FurhynehitiiM prai'hmuum Hul)k. 19,31. ( ’erattidoii purjmreus Brid. 19.31. 

By far tin* most abundant were the speci(‘s of Barhula, especially on the 
calcareous soils. On the calcareous sand tiie mosses threatened to compete 
with the transplants and the surface had to be forked over. Successional 
studie.s of an immigrant flora are beyond the scope of the experiments and 
would interfere witli their main purposes. A species of Cladonia (barren) 
appeared on the sand in the autumn of 1931 in two small patches. For the 
mosses the species standard and nomenclature follow^ Dixon: StudenCs Hand- 
book of British Mos\ses\ ed. 3, 1924. Specimens are prt\served in tiie llerbaiiurn 
of the Royal Botanic Gardens, Kew. 

A second biotic factor was slugs. Slug attack was first noted on June 22nd, 
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1931. The pest increased greatly and rapidly on the clay and chalky clay. 
The principal damage has so far been done to Silene niaritima on the clays. 
The eating off of the hemicryptophytic shoots and the crown has been the 
cause (or at least one main cause) of very many deaths. On December 3l8t, 
1931, a few slugs were found round Silene maritima plants on the sands. On 
the same date it was recorded that slugs had damaged the Centaurea plants, 
but only on the clay, where the basal winter-green leaves were mostly eaten 
to the midrib^. 

Perhaps under the heading of biotic factors the influence of own top- 
hamper should be mentioned. '‘Smothering by own top-hamper ’ is a phrase 
which at least describes what appears to be the cause of death or of mucdi 
reduced vitality in some of the plants. It was especially recorded for the 
inner rows of Centaurea. The dense dead mass of stems and leaves reduced 
the amount of light reaching the winter-green basal leaves and young spring 
shoots. Products of decay may have a toxic effect. Sometimes, however, 
the action is more indirect. A contributory cause of death of Silene mnrUima 
plants on the clays was that the top-Iiamper led to the com{)acting (water- 
surface hardening) of the soil around the plants ))v retarding the 
entrance of frost and the evaporation of water, Experience witli the trans- 
plants has shown how well justified is the gardening practice of clearing awuiy 
organic debris and of periodically moving or repropagating lierbaceous 
perennials of many kinds. 


Centaurea nemoralis Jord. forma radiata albiflora 


Winter condition and deaths. On the whole Centaurea is the most persistent 
(i.e. the best) perennial of the species at present in position on the various 
soils. Deaths occurred as follows; spring imo (2i years from cloning), on 
clay 2, reserve 5, the latter only were replaced by new clones; spring 1981, 
no further deaths; autumn 1931 (4 years from cloning), one on chalky clay. 

The tufted nature of growth, and the production of large numbers of leafy 
flowering stems results in the formation of an abundance of “top-hamper” 

^ Slugs and snails on transplant soils, collected May, 1932; 

Sand ; Agriolimax ogreMis, 2. 

Calcareous sand: Agriolimax agrestic ^ 10. 

Clay; Arion hortensis, 14; Hyalinia celkiria, 2 (snail). 

Chalky clay: Agriolimax agreslis, 6; Hyalinia celUma, 0. 

Pottc-rne soil: Agriolimax agreMm, fi („„e l,Iack, rather ran:); Arion hortemu, 4. 


the^i the British Biological Society, who has very kindly named 

the above recorded material, writes: “it is rather curious that Arion horirmi. is found only on 
two of the five plots: it is in general about the most abundant garden slug wo have.” The figures 
pven after each species represent the number of specimens collected and sent to Prof. Boycott 
No attempt was made at this time to estimate the slug and snail populations of the plots The 
occ^nce of one species m such abundance as to bo an important (if not the chief cause) of the 
ertruction of most plants of Silene maritima on the calcareous sand was recorded for the date 
8. V. 32. The sand was then still relatively free from Mollusca 
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in the autumn. This gradually decays and breaks down, the foliage first and 
the stems more gradually — often remaining for two years. The breaking down 
and decay was quickest on clay and slowest on calcareous sand in both seasons. 


Seedlinfjs. 

Sand 

Caloareoufil Hand 
('lay 

( lialky elay 
l *ottoriH* Hoil 


Spring, 
NunuTouM 
NumcToiiH 
About ,‘J 
XuriKTOUrt 
Al)oiit 12 


Autumn, IIKIO 
Few 
Few 
None 
Few 

\'ery few 


Spring, 1931 
NumerouH 
Numerous 
None 
Ver^^ few 
Ft‘w 


Tlie .statpinent made in tlie first report (p. 359) that the main germination 
is in the spring, l)ut that tlierf‘ is a certain amount of continuous germination 
throughout the year lias l)(*en substantiated. In the summer and autumn of 
1931 the total top-hamper of the several years had become so dense that it 
was impossible for many seedlings to germinate and fewer still to survive. 

(tein ral time. In 1930 tin* tone w’as ecjually good on all soils. In the summer 
of 1931 it gradually liecann* best on calcareous sand and worst on clay, but 
in Decemlxvr the winter condition was best on sand. Tlie plants in the outside 
rows on all the soils were much more vigorous than those in the centre. The 
marked effect of smother is emphasised by the much reduced size and vigour 
of most of the plants in the central rows, especially on the clays, and the 
fa(‘t that the only d(‘aths to date have been in these central rows. 

Hiibit (iml stem hei<//i(s. Tin* marked differfmces in habit between the plants 
at fVitterne and at Kew (see first re})ort, p. 358) have been maintained. On 
all tlie soils the [>Iants are now showing c(‘ntrifugal spread with a tendency to 
form hollowcentres. This is comparable to obs(*rvations we have made in nature. 
Stem heiijkls (maximum for each soil). 




7. vii. 

,30 

18. viii. 31 




dm. 


dm. 



Sand 

10 


9-2 



( 'aleareous sand 

10 


10-2 



( 'lay 

8o 


8 



( 3ialUy elay 

10 7 


8-7 



I’otterne soil 

7 •'> 


S*") 


Numbers of fioirerim} stems per pla}U, 





(’aleartHuiH 



Chalky 

Potterne 


Sand Hand 

('lay 



ela\' 

soil 




\ 




1930 1931 1930 1931 

1930 

1931 

1930 19,31 

1930 1931 

.Maxi muni 

112 40 H4 S.*i 


(>(i 

82 10.7 

4.7 5() 

Minimum 

20 8 13 8 

1.7 

.» 

17 2 

3 12 

Mean 

38 3 2r»7 12 4 38 2 

42 3 

.30-3 

"»2S 4M 

23-2 390 

Stundani 

l2o 9-9 17 3 213 

14-8 

20 8 

102 24-0 

117 17 2 

di'viation 







In j)r(*|>*iriaK (tu* a)K)V(' doiul pliiutH (twt) in clay tor 1930 and 1931) have lun^n oiuitted 

entindy. A diHeusHion of the tigur<‘H is reserved till eoimts are available for a longer series of years. 

The original (‘loned parent had short scattered pubescence 
on both surfaces of the basal leaves. This condition was maintained in 1930 
and 1931 in the plants on clay and Potterne soil. The plants on sand, calcareous 
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sand, and calcareous clay appeared slightly lighter green in colour, and 
on examination the hairs were found to be somewhat shorter and less 
numerous. 

Primary flowering. In 1930 and 1931 it was impossible to record the 
appearance of first flowers on individual plants because of tlie dense inter- 
lacing growth. The occurrence of the first flowers on each of the soils was, 
however, recorded. The following secjuences were thus obtained for both 1930 
and 1931 : calcareous sand, sand, Potterne soil, chalky clay, clay. 

Completion of primary flowering (recorded July 21st, 1930 and July 20th, 
1931). The sequence in each year was: sand (completed first), calcareous 
sand, chalky clay, Potterne soil, clay. 

Secondary flowering occurred in 1931 on many plants with the following 
order for the different soils: Potterne soil (most capitula), clay, calcareous 
clay, calcareous sand, sand. The flowering on all soils was completed by 
August 14th. 

Silene vulgaris Garcke. 

Winter condition and deaths. The species is a typical hemicryptophyte. 
After fruiting, usually in July, the aerial parts die down, some secondary 
shooting occurring on old branches and from the crown. The real over- 
wintering buds are generally just above ground by mid-winter, those of the 
transplant stock showing much anthocyanin. 

Winter deaths 1929-30 (1^-2 years old): sand Nos. I, (i, 7, 19, 25a; 
Potterne soil Nos. 134, 148. 

Summer deaths 1930 (2| years old): sand No. 4. 

Winter deaths 1931 (3 years old): sand Nos. 9, 13, l(i; Potterne soil Nos. 
128, 131, 136, 138, 141, 147. 

Summer and autumn deaths 1931 (3| years old); clay Nos. 51. 53, 54, 50, 
57, 59, 60, 61, 62, 63, 65, 68, 69, 75; chalky clay Nos. 76, 78, 79, 81, 83, 84, 
88, 89, 91, 92, 94, 95, 100; Potterne soil Nos. 129, 135, 139, 140, 143. 

The lack of a dry summer spell and consequent rotting of the crowns 
together with bad slug attack probably caused the large number of deaths 
on the clays. 

Ptsease. Alarssonrna attacked the j>lants on all the soils. The race is a 
very susceptible one and the degree of susceptibility is not affected by edaphic 
factors. The disease does not by itself cause the death of plants. The much 
greater resistance shown by S. maritima was marked on all the soils. 

Seedlings. Two more years’ experience confirms the natural spring ger- 
mination of pure S. vulgaris seed. 

Spring seedlings. 



11. V.30 

22. vi. 31 

8arid 

None 

Few 

Calcareous sand 

Few 

Few 

Clay 

Veiy' few 

Few 

Chalky clay 

Numerous 

Few 

Potterne soil 

Very few 

None 
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General tone. This showed m iich fliictuation , d iie to Marnmnina and si ug attack 
as well as to weather conditions. Placing the best tone first the sequences 
were : 

It), iv. .*K) ' 2 :\. vi. .‘{0 IT), iv. .‘U ](>. v. .‘M 22. vi. Ill 

Sand (-tialky clfiv t’halky tlay (.’halky < Iav’ t'ljalky cJav' 

CalcarPOUH Hand ( ^lay ( ‘ak an-oii.M .saml t ’alcanHiiiH sand f 'lav 

C'iay I’ortprnv Hoil (’lay (’lay ('artareouH sand 

(yhalky (“lay (lalrarooiiH wand Sand Pottfriie soil Pottcrne soil 

j*ottoriu* Hoil Sami l*oftcrnf‘ soil Sand Sand 

rjiiMAHY FL(nv/<jnx(;. i*/.a\ts l\ ibiib . 


26 



Flo. 1. Silent rulgaris. Orapl) Hhowing numbers of plants in llower {ordinates 
plotted against dates {Rl>8ei9sae), 11)30. 
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Habit. Saud, clay, chalky clay, and Potterne soil : no changes. 

Calcareous sand : thestrict habit became less marked in 1930 and much less in 
1931. Atthe last recording only Nos. 31 and 48 retained some degreeof strictness. 


PRIMARY FLOWRRlNa. PLANTS IN FLOWER, 1!)3J. 



Fio. 2. Silent vulgnrie. (4raph nhowiiifr niimberH of plants in flower (ordinatea) 
plotted againat dates (abscissae), 1931. 

Length of stems (measured on June "i'ind, 1931). 

Sand; max. (No. 18) 6 dm.; min. (No. 22) l‘8dm. 

Calcareous sand: max. (No. 42) 5-3 dm.; min. (No. 39) 1-8 dm. 
Clay: max. (No. 70) G-b dm.; min. (No. 74) 2-4 dm. 

Chalky clay: max. (No. 94) .b-5 dm.; min. (No. 84) M dm. 

Potterne soil; max. (No. 14G) 4-7 dm. ; min. (No. 139) 1-4 dm. 
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Primary flowering and jlorifery. The graphs should be compared with that 
on p. 363 of the first report (this Journ. 18 ). It will be noted that the slower 
flowering of plants on Potterne soil has remained a constant feature for three 
years. With increasing age of the plants the relative precocity of flowering 
on calcareous sand has become more marked. 

Florifery on the different soils was, in the order of greatest first: 1930, clay, 
chalky clay, Potterne soil, sand, calcareous sand; 1931, chalky clay, clay, 
calcareous sand, Potterne soil, sand. 

Completion of primary f oiiwring. On June 7th, 1930 and June 6th, 1931 
primary flowering was complfd/cd on all soils. 


Nand : 

With gret ‘11 |)rimarv HUiiiiH 
Secondary growtli from old Hterns 
Secondary growth from crown 
Secondary growth from old Htems and «tow n 

CalcareouH wand : 

W ith gn*en [irimarv Htemn 
Secondary growth from old stems 
Sc'condary grow th from crow ii 
Secondary growth from old sti*ms an<l crown 

day: 

With gre<*n primary .stems 
Secomlary gn»wth from old stems 
Secoruiary growth from crown 
Secondary growth fr<im ol<l stems and crown 

Chalky clay : 

With green j»rimary sU'iiis 
Secondary growth from old st<*ms 
Secondary growth from (Town 
Secijiulary grow th from old stems and crown 

Potterne soil: 

With green f)rimarv steins 

Set'ondary growth fnim old stems 

Secondary grow t h from cnovn 

ScH ondary grow tli from old stems and crown 


n. viii. :]U 

1 

K 

n 


10 . IX. :u) 
{) 

1 

17 

0 


0 

n 

I’O 

n 


0 

0 

23 

(I 


i:i 


n 

0 

24 

n 


Secon da ry flo we ring . 


Sand 

( ’alcart'ous .sand 
Clay 

(’halky clay 
Potterne soil 


10. ix. ;io 
0 
0 
•> 

4 


20. vii. :m 
( hud.s only) 
17 
15 
25 
14 
10 


fJ. vii. 51 
0 
12 
0 


0 

15 

5 

0 


0 

24 
0 
1 

0 

25 
1 
1 

0 

0 

0 

17 


Colour of foliage. The plants on the clay retained and even intensified the 
light yellow-green colour not(*d in the first report (p. 363). On all the other 
soils the foliage (colour was as in the original parent. No. 83, on calcareous 
clay, was found (September 29th, 1930) to have produced one variegated 
shoot whose leaves liad cream-coloured margins tinged with purple antho- 
cyanin. The variegation was not reproduced in 1931. 

Sfxr. This has been recorded for all first flowers. A practically complete 
morphological series from purely female flowers to those with a full comple- 
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ment of viable stamens was recorded. A full discussion of sex in Silene is 
reserved for a later paper. 

Root system. The committee liaving decided to discontinue the experi- 
ments with Silene vulgaris the first opportunity occurred of examining root 
systems of the transplants. The plants in any one soil showed marked uni- 
formity of root systems. The following records were taken (31. xii. 31); 

Sand. About five main roots branched 8-10 cm. below the crown and 
then ran straight down, without forking, to a depth of 0 7 dm. A few tuberous 
thickenings were present. The superficial colour of the washed roots was “Clay 
Color” (Ridgeway, PI. XX IX). 

Calcareous sand. About seven main roots, with little or no branching, ran 
straight down to a depth of 6- 7 dm. Tuberous thickenings were not present. 
The superficial colour of the washed roots was “Antimony Yellow ” (Ridgeway, 
PI. XV). 

Clay. About twelve main roots, three or four of which ran straight down 
but had decayed at 20 25 cm. depth. The remainder spread horizontally 
4-5 cm. below the surface of the soil and to a distance of 6 7 dm. or more 
from the crown. A good deal of branching occurred at various distances from 
the crown. The superficial colour of the washed roots was “C^hamois” (Ridge- 
way, PI. XXX). 

Calcareous clay. About twenty-four main roots, with little or no branching, 
ran straight down to a depth of 7 dm. The superficial colour of the washed 
roots w^as “Cream Buff” (Ridgeway, PI. XXX). 

Potterne soil. About four main roots were very much branched 5 8 cm. 
below the crown into approximately thirty branches. These were at first coil(*d 
into a bunch and then ran approximately straight down. A few tuberous or 
nodular thickenings occurred. The superficial colour of the wasluHl roots was 
“Antique Brown” (Ridgeway, PI. 111). 


Silene maritima h. 


Winter condition and deaths. The species behaves as a combination of hemi- 
cryptophyte and chaniaepJiyte. The number of aerial shoots remaining alive 
and retaining terminal buds varying especially with winter weather conditions. 


Sand 

CalcareouM sand 
Clay 

( -halky clay 
Itescrve 


VVintcT, 1929 .'K) 

Much dying hack 
No dying ba< k 
Some dying hack 
Much dying hack 
Mu(‘h dying hack 


Winter, SI 

Idttlc dying hack 
rlying hack 
Sonic dying hack 
Much dying hack 
Miu'h dying hack 


On clay and chalky clay plants at the edges of the enclosures had their 
overhanging shoots markedly green and chamaephytic. 

Winter deaths 1929-30 (l|-2 years old): sand Nos. 1, 2, (5, 7, 11, 12, 14, 
16, 16, 17, 18, 19 (these deaths were really due to the drought of September, 
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1929); clay No. 74; Pottcrne soil Noh. 126, 132, 134, 142. All the plants on 
Potterne soil dead up to June, 1930 were replaced with seedlings from No. 130 
protected and selfed. 

Summer deaths 1930 (2^ years old): sand Nos. 5, 22, 23, 25 a; clay No. 70; 
Potterne soil (0 months old) Nos. J^H, 149. 

Winter deaths 1930 31 (2| 3 years old): clay Nos. 54, 56, 57, 61, 62, 63, 
67, 68, 69, 71, 75, 75 a; chalky clay Nos. 78, 84, 90, 91, 97; Potterne soil 
(various ages) all dead. All the plants on sand dead up to April, 1931 were 
replaced with seedlings from No. 13 protin ted and selfed. 

Sumnu^r and autumn deaths, 1931 : sand (various ages) Nos. 7, 10, 14, 23; 
clay (31 years old) Nos. 50, 51, 52, 55, 59, 60, 61, 62, 61, 65, 66, 72; chalky 
clay (3i years old) Nos. 77, 79, 80, 81, 82, 83, 85, 86, 87, 88, 89, 92, 93, 94, 
95, 96, 98, 99, 100, 100 a. 

(buttings have been taken from plants on (day and chalkj^ (day and No. 53 
on (day was prote(*t(*d, selfed, and se(Ml ol)tained. Replacements were made 
in the next spring. 


Seedlings. 



Autumn 

Spring 

S|>iiric 

Autumn 


27. i. 30 

10. iv. 

1 1 . V. ;)(» 

20. ix. 30 

Sand 

N'cry numerous 

A'ery few 

Pew 

Numerous 

CalcarcouH sand 

\'cry numerous 

Numerous 

N UnUTOUS 

\'(‘rv numerous 

day 

Kotted otT 

Norn? 

Norn* 

\^:‘ry few^ 

(’halky day 

V ery nunu'rous 

Numerous 

\'(‘ry numerous 

\'erv numerous 

Pot t (Tin r 8oil 

Numerous 

\\‘rv few 


A'ery fi‘W 

It was M()t(‘d in 

.lamiarv, 1 !»•'}(), that the s( 

MMllings had not been tested by 

severe frost, Init that tliey tended, esp(Hdall 

y on clay, to 

rot off with the 

excessive damp. 






.Autumn 

Spring; 

S[)ring 

Atitumn 


m. i. 3\ 

ir>. iv. 3\ 

Id. V. ;u 

31. xii. 31 

Sand 

Fiw 

Imw 

t'ew' 

Few 

Calcareous sand 

NunuTous 

Numerous 

Nu me rows 

A'ery few 

( ’lay 

None 

A’erv few 

None 

None 

( 'halky clay 

None 

None 

None 

None 

PotUTne soil 

None 

None 

None 

None 


Sefullings damp(‘d off very liadly in the autumn of 1930, and slug attack 
in 1931 on the (days also reduced the seedlings. 

General tone. Placing the best tone first the secpiences were: 


1(). iv. :{u 

C;al(mr(M>uH Hand 
Chalky clay 
C'lay 
vSancl 

PotUiriUi soil 


Jit ix. M) 

(’lialky clay 
rottcnic soil 
( ’alcarooiis sand 
Clay 
Sand 


ir>. iv. :m 

(’alcarcous sand 
Sand 

Chalky clay 
Clay 


Ih. V. ;{i 

( ’alcan'oiis sand 
Sand 
( 'lay 

Chalky clay 


20. ix. 31 

( ’alcareous siiiid 

Sand 

Clay 

Chalky clay 


Habit. Rooting at the nodes of old prostrate stems which usually tlum 
rot off from the rootstock was first recorded in five plants on April 16th, 1930 
on sand. Since that date it lias been observed on all the plots except that of 
Potterne soil. 
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Changes in habit occurred as follows: 

1930. 

Sand. Nos. 3, 4, 8, 9, 10, 13, 20, 21, 24, 25 had small leaves and flat habit 
as in class A of first report, p. 368. 

Calcareous sand. Nos. 45, 49 were conspicuous in being similar in the fiat 
habit to the plants on the sand. The remainder also had leaves smaller than 
those of the original parent. 

Clay. The recording for habit was the same as that in the first report, 
p. 368, except that Nos. 57, 62 and 72 constituted class A and 54 was placed in 
class B. 

Chalky clay. Nearly uniform and as in parent. 

Potterne soil. Uniform and as in parent. 

1931. 

Sand. Nos. 4, 8, 13, 25 were the largest plants and had slightly larger 
leaves than the remainder but the general level of change from the parental 
type was maintained. 

Calcareous sand. Three classes were recognised at the recording at maximum 
development (22. vi. 31): A (smallest leaves, plants most adpressed) Nos. 31, 
34, 36, 38, 45, 49; B (intermediate between A and C) Nos. 27, 37, 42, 43, 46, 
48, 50, 50 a; C (relatively largest leaves, less adpressed) Nos. 26, 28, 29, 30, 
32, 33, 35, 39, 40, 41, 44, 47. 

Clay. All the plants alive had become woody. Prostrate stems radiated 
out from the centre and were bare of leaves for a considerable distance but 
produced densely tufted leaves and shoots near the ends. Thus No. 73 had 
stems 6 dm. long, with 4-3 dm. practically bare of leaves. 

Chalky clay. The one plant left alive retained the parental habit. 

Diameter of plants. 

7. vii. 30 22. vi. 31 

r ^ r--- ^ 

Max. Min. Max. Min. 

Sand ()•;! dm. (No. 4) 1*2 dm. (No. 3) 0 dm. (No. 25) 1-7 dm. (No. 10) 

Calcareous sand 8-3 dm. (No. 47) 2-5 dm. (No. 4.5) 8 dm. (No. 44) 3*4 dm. (No 45) 

Clay 10-5 dm. (No. 04) 5-2 dm. (No. 02) 

Chalky clay 10-2 dm. (No. 70) 04) dm. (No. 98) — — 

Potterne soil 8-7 dm. (No. 130) 0 dm. (No. 127) — — 

Primary flowering and florifery. The former is given in graph form for 1930 
only because of the large number of deaths on some of the soils (as given 
above). The most marked feature is the greatly extended period of time over 
which the plants showed first flowers, though this is much less marked on 
the calcareous soils. Comparison should be made with the graph of the first 
report, p. 366. 

Florifery on the different soils was, in order of greatest first: 1930, chalky 
clay, calcareous sand, clay, Potterne soil, sand; 1931, calcareous sand, sand, 
(clay), (chalky clay). 
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Completion of flowering. The soil on which primary flowering was first 
completed placed first: 


im) 

Calc;arcoii8 Band 
Clay 

Clialky ( lay 
Cottx^rne Hoil 
Sand 


1931 

(JalcarooiiB sand 
Sand 

(3ialky clay 
Clay 


PRIMARY FLOW’ERlSa. PLASTS IX FWWER, 1930. 



June 


Fig. 3. Silrue mariltma. Grapli nhowin^ iminhers of plants in flower (urdinates) plotted against 
datcH (al^Bcissae). Additional dates, not showieon the graph, are: 

Sand: July ! 1th, o; July 15th, 0; July 20th, 7. 

Clay: June 12th, IH; June 15th, 20; June 25th, 21; tlune 2()th. 22; July 4th. 23. 
Heserves on rotterne 8oil: June 13th, 15; Juno 15th, lO; June 17th, 17; July 2nd, 18; 
Jidy 6th, 19. 


In 1931 on the clays primary and secondary flowering were scarcely dis- 
tinguishable. 

iSV^conrfar// In 1930 this was very pronounced. 

Sand: 4 plants in flower, very few flowers per plant. 
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Calcareous sand: 20 plants in flower, few flowers per plant. 

Clay: 14 plants in flower, very few flowers per plant. 

Chalky clay: all plants in flower, few to many flowers per plant. 

Potierne soil: all plants, except 150 a, in flower, very few flowers per plant. 

Secondary flowering in 1931 was marked on sand and calcareous sand. 
The few plants which did not die on the clays flow^ered very late and sparsely. 

Colour of foliage. 

Sand: darker green than original and with more anthocyanin. 

Calcareous sand: considerable range, Nos. 26, 44, 46 lighter than parent, 
Nos. 45, 49 were darker than parent, others approximately as parent. The 
actual shade, however, fluctuates from one group to another between re- 
cordings. 

Clay: plants on the whole lighter (yellower) green than parent. 

Chalky clay : plants on the whole darker (more blue) green than parent. 

Potierne soil: uniform as original parent. 

Calyx shape. 

Safid: as original parent. 

Calcareous sand: in 1930 the calyces w^ere narrower than in parent, No. 48 
becoming almost cylindric; in 1931 the narrowness was scarcely evident except 
that No. 48 still retained its almost cylindric shape. 

Clays: for 1930 and 1931, calyces somewhat broader and more inflated 
than in parent. 

Potierne soil: as original parent. 

Calyx colour. The plants on the calcareous sand showed more reddish 
anthocyanin; on the other plots, apart from minor fluctuations, the calyx 
colour was as in the original parent. 

Anthyllis vulneraria L. 

The final recording of the plants dealt with in the first report was made 
in the spring of 1930. All the plants were dead, having rotted off from the 
crown. Autumn and winter seedlings were, in the order of most numerous 
first: calcareous sand, chalky clay, clay, sand, Potterne soil. 

The beds were cleared. Seeds derived from protected and selfed plants on 
every soil were sown on April 2nd, 1930, raised in heat, in boxes, in the same 
kinds of soils in which they were pricked out and finally transplanted. Germi- 
nation occurred in the following order: calcareous sand, sand, chalky clay, clay, 
Potterne soil. The seedlings (PI. XV ) were transplanted into the beds on May 3 1 st, 
1930. On June 3rd, 1930 the sequence of general tone of the seedlings, the best 
first, was: Potterne soil, calcareous sand, chalky clay, clay, sand. On June 23rd, 
1930 the following measurements of length of basal leaves {== radius of seedling 
plant) were obtained : 

Sand: max. 6 cm. (No. 16); min. 4 cm. (No. 25 a). 

Calcareous sand: max. 8*5 cm. (No. 45), min. 6 cm. (No. 31). 
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Clay; max. 7 cm. (No. 71), min. 3 cm. (No. 53). 

Chalky clay: max. (> cm. (No. 92), min. 3-5 cm. (No. 100 a). 

Potterne 8oil: max. 11 cm. (No. 147), min. 7 cm. (No. 144). 

The seedlings on the last w(‘r(i all much larger and more vigorous than 
those on any of the other soils. In order of most root nodules first the 
recording was: chalky clay, (calcareous sand, sand, clay, Potterne soil. The 
record is of seedlings sown on May 4tli, 1930, and 29 days old. 

For si;;e in first growing seasons the following sequences w’ere recorded, 
the largest first: August 9th, 1930 and September 10th, 1930, Potterne soil, 
calcareous sand, clay, chalky clay, sand. 

For general tone, September 29th, 1930, the order, best first, was as 
follow's: chalky clay, clay, calcareous sand, Potterne soil, sand. 

DeMhH in 1930, i.e. before f oivering (recorded up to October, 1930, i.e. up 
to 6 months old). 

Sand: Nos. 2, 5, 7, 8, 10, 11, lO, 17, 21, 22, 25. 

Calcareous sand: 35, 37, 42, 46, 49, 50, 50a. 

Clay; 51, 52, 54, 70, 72, 74. 

Chalky clay: 80. 

Potterne soil: 129, 134, 135, 137, 138, 142, 143, 144, 145, 147, 148. 

All dead plants w'ere n'plac'cd by plants of the same age which had been 
grow'ing on the same soils on October 21st, 1930. 

IFm/cr deaths (recorded April 7th, 1931, i.e. 9-12 months old). 

Sand: Nos. 4, 6. 

('alcareous sand: 40, 44, 45. 

Clay: 58, 64, 66, 71, 73. 

Chalky clay: 86. 

Potterne soil : 126, 127, 12iS, 130, 136, 137, 149, 150. 

These were again replaciHl, with the exception of those on the Potterne 
soil. 

iSpring and early summer deaths (recorded June 20th, 1931, i.e. 12 to 14 
months old). 

Sand: Nos. 2, 4. 

Calcareous sand: 45. 

Clay: 73, 

Chalky clay : none. 

Potterne soil: 131, 134, 139, 140, 111, 142, 143, 146, 150 a. 

Summer deaths (recorded July 20th, 1931, i.e. 14 to 15| months old). 

Hand: Nos. 5, 7, 8, 10, 11, 13, 19, 25, 25a. 

Calcareous sand: 29, 31, 33, 35, 36, 37, 41, 42, 44, 46, 47, 48, 49. 

Clay: 53, 58, 62, 75. 

Chalky clay : 79, 80, 81, UK). 

Potterne soil: 125, 132, 133, 148. 

Joum. of Ecology XXI 
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Late summer and autumn deaths (recorded December 31st, 1931). 

All dead, except five on chalky clay and one on clay, these with only a 
few green parts the crown having almost completely rotted. 


Seedlings. 



27. i. 30 

11. V. 30 

ir>. iv. 31 

10. V. 3 1 

20. vi. 31 

14. viii. 31 

31. xii. 31 

Sand 

Very few 

Numerous 

Very 

few 

V^ery 

few 

Few 

Few 

\'ery 

numerous 

Calcareous 

sand 

1 Very 

numerous 

\ cry 

jiuiuerous 

Few 

Few 

Many 

Numerous 

Very 

nutnerous 

Clay 

Numerous 

\^Ty 

numerous 

Many 

Many 

hew 

Few 

V\^ry few 

Chalky 

clay 

Many 

Wry 

numerous 

Few 

h\'w 

h'ew 

V^ery few 

Very few 

l*otterne 

soil 

Few 

Numerous 

Few 

J^\nv 

\^ery fe w 

X'cry few 

None 

The 

continuous 

germination through sprin 

g, summer and i 

autumn of 


Anthyllis seed has been confirmed. That seed may remain dormant, at least 
for two years, is shown by the figures for 15. iv. 31 and 20. vi. 31. Any 
germination from seeds which remained longer dormant will be recorded in 
the future. On the other hand, a proportion of the seed germinates imme> 
diately after being shed. 


Seed weight and ger^nination. 

of soil 



r- "" 

Sand 

Calcart'ous 

sand 

Clay 

Chalky 

clay 

Potterne 

soil 

Mean j)ercentage germination 
before searili cation 

142 

3-5 

5-0 

9(> 

()-2 

Mean percentage germination 
of seeds searihed once only 

77-9 

72-4 

()2-() 

52-0 

58-9 

Mean percentage germination 
of seeds scarified twice 

97‘fi 

90-1 

9t)-7 

984) 

99-5 

Weight of 1(K) seeds in grams: 






Means 

0 121 

043.7 

0 442 

0 425 

0 448 

Standard d(*viations 

0-027 

0-0414 

0-01 {r> 

0 022 

0-(M8 


The differences in germination before scarification are significant. AfO'r 
one scarification seeds from sand again have the highest percentage germina- 
tion. Practically full germination occurred in seeds from all soils aft(‘r a 
second scarification. 


The germination tests were made at the Official Seed Testing Station, 
Cambridge. The seeds were collected at Potterne between July 17th and 23rd, 
1929. The germination tests were commenced on 5. iii. 30. The seeds re- 


maining hard were scarified by hand on 21. iii. 30, and the seeds still remaining 
hard on 2. iv. 30 were again scarified by hand on that day. 

General tone (1931), best first. 

11). i. 31 Jo. iv. 31 lH). vi, 31 


(JhalJiy 

»Sand 

Calcareous sanrl 
Clay 

Potterne soil 


(diaiky clay 
»Sand 

( 'alcareous sand 
Clay 

I*otteme soil 


(y’halky clay 
Calcareous sand 
Sand 
Clay 

Potterne soil 
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Number of stems per plan,t. 

Sand: max. 75, min. 12, mean 34-4. 

Calcareous sand: max. 103, min. 30, mean 64-2. 

Clay: max. 62, min. 42, mean 52-2. 

Chalky clay: max. 85, min. 47, mean 68*6. 

Potterne soil: max. 43, min. 31, mean 38*2. 

An analysis of variance showed that the full figures have differences due 
merely to chance, those within the soils being greater than those between 
the soils. 


Stem heights (recorded 20. vi, 31). 

Sand: max. 5-6 dm. (No. 14), min. 2-8 dm. (No. 5). 

Calcareous sand: max. 6 dm. (No. 36), min. 3-7 dm. (No. 50). 

('lay: max. 4-3 dm. (No. 75), min. 1-4 dm. (No. 71). 

(Iialky clay: max. 6-2 dm. (No. 83), min. 3*8 dm. (No. 80). 

I\ff4erne soil: max. 3*6 dm. (No. 138), min. 3 dm. (No. 129). 

The number of flower heads was up to 5 per stem ^mostly 3-4) on clay 
and Potterne soil; on sands and chalky clay up to 6 (mostly 4-5). 

Number of jlowers per h-ead. 


.Means 

8taiulanl deviations 


(.'alcan'oiiH 
Sand sand 

20 47 

2*80 :mo 


Chalky 

('lay clay 

KcOo 21-87 

2 - 4 :{ 2-01 


Pottf'rne 

soil Totals 

14-87 18-520 

2-eo 


The differences betwetm the mean.s have been tested by a process of 
analysis of variance and a 2 test and were found to be significant. The standard 
(M’ror of any mean is 0*33, and a difftTence of more than three times this is 
significant, thus all differenc(‘s between pairs of the above m'*ans are significant, 
that between sand and calcareous sand only just so [Fisher: Statistical Methods 
for Research Workers, p. 194 (Edinburgh and London. 1928); Fisher and 
Wishart, Imp. Hur. S(ul Scleace. Technical ('ommiinication No. 10, p. 15 
(London, 1930)|. 

Priouirg fh)wering. ( oni{)ared with the graph on p. 373 of the first report 
the most constant feature is the relative precocity of flowering on the cal- 
careous sand. On the well drained sand the plants flowered relatively earlier 
in 1931 than in 1929. 

Florifery (recorded June 20th, 1931). The order, most floriferous first, was: 
chalky clay, calcareous sand, sand, clay, Potterne soil. 

Completwn of primarg jlowering. The order of completion of flowering was: 
calcareous sand, sand, Potterne soil, chalky clay, clay. 

Semndary jloiverm^^^ from lateral shoots (recorded July 20th, 1931): sand 
15 plants; calcareous sand 6; clay 19; chalky clay 19; Potterne soil 5. 

Plaslkity. ArUhyllis was not morphologically plastic on any of the soils. 
Except for the fluctuations in size and numbers of flowers per head recorded 
above it remained true to parental type. 


19-2 
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Plantago major L. 

Winter condition and deaths. The species is normally a rosette hemicrypto- 
phyte. The majority of the leaves die off in autumn, the young ones in the 
centre of each crown alone remaining green to form the perennial bud. In 
PRIMARY FLOWKltiya. PLANTS IN FLOWER, 1931 . 



old plants the crowns multiply by branching, especially on the clays and 
Potterne soil. 


Deaths in the winter 1929~"30 (about 9 months old) occurred as follows: 
sand Nos. 4, 5, 9, 10, 17, 19, 24, 25; calcareous sand No. 30; clay none ; chalky 
clay none; Potterne soil Nos. 129, 135, 138. 
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During the summer of 1930 (i.e. 12 to 16 months old), on Potterne soil 
Nos. 127, 130, 141 died. 

In the winter 1930-1 deaths (of plants l|-2 years old) occurred as follows: 
sand Nos. 2, 7, 22, 23; calcareous sand Nos. 27, 28, 29, 32, 35, 39, 40, 42, 43, 
44, 45, 48, 49, 50; clay none; chalky clay none. Nos. 27, 28, 29, 30, 32 on 
calcareous sand were replaced on April 7th, 1931 by plants of same stock 
and age which had been grown on the same soil. All dead plants on sand 
and Potterne soil were replaced by seedlings grown from seed obtained from 
protected and selfed original transplants on each of these soils. 

Summer and autumn deaths 1931 : sand Nos. 21 (2|^ years old), 25 (6 months 
old); calcareous sand (up to 2J years old) Nos. 34, 36, 37, 46; clay, none; 
chalky clay (up to 2.^ years old) Nos. 77, 79, 80, 81, 82, 83, 84, 85, 89, 90, 91, 
92, 93, 94, 95, 96, 97, 98, 99, 100; Potterne soil, none. 

Idants on calcareous sand and chalky clay were protected and selfed in 
1931 to obtain seed for rej)lacement of losses. 

Dismses, etc. Ramularia plantmjinea attacked the plants in 1931. It ap- 
p(‘ai’ed on all the beds but was v’cry virulent on the chalky clay where it 
(■aus(Hl tlie l(*ave.s to witlier, brown off and die. The loss of almost the entire 
stock on tlie chalky clay was apparently due to the death of the foliage 
ac‘(^entuated by slug attack. On the clay (31 . xii. 31 ) many of the muoh divided 
crowns, (\specialiy the central ones, rotted loose but had living central shoots 
from whiclj adventitious roots were developing. This appears to be a means 
of vegetative nudtiplication. 

On sand, calcareous sand, reserves, and at Kt^w the plants all heaved up 
abovt* tin* soil after frost and had to be re})lanted. On the clay and chalky 
clay there was litth‘ or no heaving up bv frost. 


Seedlifujs. 




Spring seedlings 


Autumn 


■ - 

: — 

, 

.sr*edlings 


i.y iv. 

iti. V. ai 

22. vi. 31 

.31 . xii. 31 

Sand 

Nuiihtous 

\'tTV numerous 

\V*rv numerous 

None 

( 'alciir xjiis Hand 

Noiif 

V ery tew 

•j 

None 

( 'lay 


I V \v 

FiWN 

None 

Clrilkv f<oil 

Numenms 

Numerous 

Very numerous 

None 

iVjttcna* Huil 

Niiiiifiovis 

Many 

5 

.None 


On the Kew soil spring seedlings were numerous. It appears tliat germina- 
tion in this spetdes is limited to the spring and is nearlv^ simultaneous. 
(jcneral tone (apart from deaths) in order of best first: 


27. i. 30 

10. ix. :u) 

l.“>. iv. 31 

Ki. V. 31 

22. vi. .31 

14. viii. :n 

Clay 

Clav 

(day 

('hiy 

Clay 

(day 

Potterne soil 

Chalky ( lav 

Chalky elay 

Chalky day 

('halky elay 

l\)tterne soil 

(.’balky elay 

Sand 

Sand 

l3)tU*rne soil 

Sand 

Sand 

8and 

Caleannms 

Band 

Calean'ou.s 

sand 

Sand 

('alearc'ous 

sand 

(dialky elay 

CaJeareouH 

»and 

Potterne soil 

PottCTne soil 

Caleai-eous 

sand 

Potterne soil 

('aleareous 

sand 
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Habit. Certain plants developed a “strict” habit, the leaves growing 
practically erect. On June 3rd, 1930 this was recorded for sand No. 7, cal- 
careous sand Nos. 29, 34, 44, chalky clay No. 88. On August 9th, 1930, 
Nos. 7, 44, 88 retained the “strict” habit, and on chalky clay all the re- 
maining plants were showing a tendency to become “strict,” except Nos. 78, 
80, 81, 84, 85, 92, 95. 

On June 22nd, 1931, the habits recorded were: sand, all flat except No. 15 
which was becoming “.strict”; calcareous .sand, all flat except Nos. 2(5, 27, 
31 and 34 which were more or less “strict”; clay, all flat except Nos. 56, 71, 
72, which had some new leaves erect; chalky clay, all “strict” except No. 
78 which was flat; Potterne soil, all (4 old plants alive) flat. 

Indumentum (recorded June 22nd, 1931). 

Sand: spreading hairs on peduncles Nos. 1, 0, 8, 11, 13, 21, i.e. all that 
were in flower. 

Calcareous sand: spreading hairs on peduncles Nos. 20, 27, 29, 32, 33, 38, 
41, 47, i.e. all that were in flower. 

Clay: adpressed hairs on peduncles of all j)lants, except Nos. 65, 69 where 
slightly spreading hairs occurred in lower half. 

Chalky clay: adpressed hairs on peduncles of all plants. On the clays tlu* 
peduncles all tend to become glabre.scent in the lower half where hidden 
among the leaves and to have completely adpressed hairs in upper half. 

Potterne soil: indumentum spreading on peduncles in Nos. 126, 128, 
132, 133. 

Diameters and heights, 

June 3rd, 1930. 

Sand: max. 8-5 cm. (No. 21), min. 1-5 cm. (No. 17). 

Calcareous sand: max. 13 cm. (No. 50), min. 5-7 cm. (No. 39). 

Clay: max. 36 cm. (No. 71), min. 21 cm. (No. 52). 

Chalky clay: max. 24-5 cm. (No. 95), min. 11-5 cm. (No. 80). 

Potterne soil: max. 20 cm. (No. 128), min. 11 cm. (No. 133). 

June 23rd, 1930. 

Sand: max. 10-5 cm. (No. 21), min. 2 cm. (No. 17). 

Calcareous sand: max. 14 cm. (No. 50), min. 7-5 cm. (No. 30). 

Clay: max. 48 cm. (No. 71), min. 26-5 cm. (No. 52). 

Chalky clay: max. 30-1 cm. (No. 95), min. 16 cm. (No. 80). 

Potterne soil: max. 22 cm. (No. 128), min. 9 cm. (No. 133). 

“Strict” plants: No. 7, 5-5 cm. high; No. 29, 4 cm. high; No. 88, 17 cm 
high. 

June 22nd, 1931. 

Sand: max. 20 cm. (No. 8), min. 6-5 cm. (No. 3). 

Calcareous sand: max. 11 cm. (No. 29), min. 3 cm. (No. 43). 

Clay: max. 54 cm. (No. 60), min. 23 cm. (No. 63). 
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Chalky clay; No. 78, 28 cm. (other plants ‘‘strict”). 

Potterne soil: max. 29 cm. (No. 133), min. 20 cm. (No. 126). 

“Strict” plants: max. (No. 79), 18 cm. high, 35 cm. spread; min. (No. 96), 
9-5 cm. high, 12 cm. spread. 

August 14 th, 1931. 

Sand: max. 24 cm. (No. 8), min. 10 cm. (No. 3). 

Calcareous sand: max. 15 cm. (No. 29), min. 43 cm. (No. 7). 

Clay: max. 60 cm. (No. 60), min. 19-6 cm. (No. 63). 

Chalky clay: No. 78, 33 cm. (other plants “strict”). 

Potterne soil: max. 27 cm. (No. 133), min. 22 cm. (No. 132). 

“Strict ’ |)lants: max. (No. 79) 16 cm. high, 37 cm. spread; min. (No. 96) 
9 cm. high, 16 cm. spread. 

LeMifth of irfloresceiues. 

Chi!/, 

No. 62 (max.) spike f peduncle 3 dm., spike 1-9 dm. 

No. 61 (min.) spike j pcMluncle 1*15 dm., spike 0*65 dm. 

Chalky day. 

No. 86 (max.) spike | p(*dum4e 2-65 dm., sjhke 1*45 dm. 

No. 80 (min.) spike -I peduncle 0*45 dm . spike 0*25 dm. 

lif)right j)lant No. 88 (max.) spike i peduncle 2*95 dm., spike 1*45 dm.; 
(min.) spike j peduncle 1*7 dm., spike 1*0 dm. 

Calcareous saiul. 

No. 28 (max.) spike ^ peduncle 0*75 dm., spike 0*42 dm. 

No. 43 (min.) spike * peduncle 0*1 dm., spike 0*06 dm. 

SaruL 

No. 21 (max.) spike 1 peduncle 1*07 dm., spike 0*7 dm. 

No. 17 (min.) spike *- peduncle 0*45 dm., spike 0*25 dm. 

Potterne soil. 

No. 128 (max.) spike f- peduncle 2*65 dm., spike 1-17 dm. 

No. 132 (rnin.) spike f peduncle 0*85 dm., spike 0*4 dm. 

Florifmj. l^xcept on one plant on each .soil all inflorescences were cut off 
before the seeds were dispersed. In 1930 three records were made of numbers 
of inflorescences. At the first and second records, July 23rd and September 
10th, plants on all soils produced inflorescences. On November 25th only 
plants on clay and chalky clay had inflorescences. In 1931 records on July 10th 
and September 25th gave inflorescences on all soils, but in November no more 
infloresences had been produced on any soils. 

Only two seedlings raised from a protected selfed plant on sand flowered 
the same year, whereas on the Potterne soil all seedlings flowered the same 
year. Self-sown seedlings (14. viii. 31) on sand and calcareous sand did not 
flower, on clay six flowered, on chalky clay three flowered, on Potterne soil 
most flowered. 
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In general inflorescences were more nearly erect on the clays than on 
the sands. 


Spikes per plant. 


Maximum 

Minimum 

Mean 

Standard 

deviation 


Sand 


1930 

1931 

19 

30 

4 

0 

11-65 

14-86 

4-1 

8-3 


Calcareous 

sand 


1930 

1931 

10 

13 

0 

0 

3-48 

6-33 

3-4 

3-8 


Clay 


1930 

1931 

195 

230 

46 

21 

102 

81 2 

34 

44 


Chalky 

clay 

A 


1930 

1931 

104 

70 

18 

4 

64-64 

24-36 

23 

15 


In preparing the above Table dead plants have been omitted entirely. The figure 0 indicates 
that the plant was alive but produced no spikes. The grt^at differences between sands and clays 
are too obvious to need comment at the present stage of the experiments. 


Primary flowering. The wide range of the flowering periods prevent the 
graphical representation of this character in a manner similar to that used 
for other transplants. We therefore give the figures in tabular form. The earlier 
flowering of the plants on the clays is most marked for both seasons. 


I*rimary flowering 
Kumbers of plants in flower 
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(^al- 
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— 

— 

— 

— 




1 


„ 31 


— 
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1 


Juno 1 

— 
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— 

— 

1 

— 
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3 

— 

— 

> 

...... 



4 

3 

4 

— 

— 

4 
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5 


,, 5 

— 

— 

5 

1 



...... 

5 

3 

„ 6 

— 

— 

5 

1 





6 

3 

M 7 

— 

— 

5 

1 





7 

4 

„ 8 

— 

— 

6 

2 




7 

5 

„ 9 

— 

— 

7 

3 






„ 10 

— 

— 

7 

4 





7 

5 

„ 11 

— 

— 

7 

4 




8 


„ 12 

— 

— 

9 

5 

1 


9 

5 

„ 13 

— 


10 

5 

1 


1*> 


„ 14 

— 

— 

11 

8 

2 


13 

5 

15 

— 

— 

13 

8 

2 


14 

7 

„ 16 

— 

— 

13 

10 



1(> 

8 

„ 17 

— 

— 

20 

20 

2 


16 

9 

„ 18 
„ 19 

— 


22 

22 

22 

22 

2 

2 


18 

19 

12 

13 

„ 20 

— 

— 

23 

2.3 



23 

16 

„ 21 

22 

1 

1 

2 

2 

25 

24 

25 

•> 

4 

2 

24 

19 

21 

!! 23 

1 

4 

— 


5 

3 


22 

M 24 

1 

5 



5 

5 


22 

„ 25 

2 

5 

— 



(i 

.5 


23 

M 26 

3 

6 

— 

— 

(i 

6 



„ 27 

3 

7 

— 

— 

6 

(i 



„ 28 

3 

9 

— 


8 

8 



„ 29 

3 

9 

— 

— 

8 




„ 30 

3 

9 

— 



8 




July 1 

3 

10 

— 



10 




„ 2 

5 

10 

— 

— 

10 

— 







291 


Eric M. Marsden-.Iones and W. B, Turrill 


Primary flowering 
Numbers of plants in flower 
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Summary 

AND TENTATIVE 

CONCLT 

ISIONS. 


1. The figu 

res 

for rainfall, temperature, 

and humidity are given 

for 1930 


and 1931 and for rainfall also for November and December, 1929. Although 
the annual total rainfall was not markedly excessive the absence of any con- 
siderable hot dry summer weatlier undoubtedly acted adversely on many of 
the plants, increasing the amount of damping off and the damage done by 
slugs. 

2. The results of periodic records of the five species for the two years ar<. 
embodied in this report, Idie chief facts which have lunerged are: 

Centaurea netnorahs. This is decidedly the most persistent perennial (on 
our soils) of the five species. Deaths and reduction in size through smothering 
by its own debris has been marked, especially on the clays. A fairv-ring-like 
growth of individual plants is becoming evident. On the sands and chalky 
clay the plants were lighter in colour, through the development of somewhat 
shorter and less numerous hairs, than plants on clay and Potterne soil. 

Silene vuhjans. The ‘‘strict'^ habit which at first showed itself in the plants 
on calcareous sand, l)ecame much less marked in 1930 and had almost dis- 
appeari'd in 1931. Plants on the clay retained and intensified the lighter 
(yellowish green) colour of the vegetative* parts. The foliage colour on tlu* 
other soils became practically stabilised to that of tlie original parent. General 
tone became best on chalky clay and worst on sand. On all soils gerinination 
of seeds was again limited to tlie spring. On clay the main roots spread nearlv 
horizontally. On tlie remaining soils tliey penetrated nearly vertically, but 
were much coiled immediately below the root stock on the Potterne soil. The 
superficial cells of the older roots were coloured differently in the various soils. 
On none of the soils did N. vulgaris develop characteristics of S. mariiima or 
vice versa. 

Silene maritima. On the sand the plants retained the smaller leaves and 
greater amount of anthoeyanin already recorded, and smaller leaves also again 
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appeared on the calcareous sand. On the clay as the plants became older 
they became more woody, with elongated stems bare of leaves for considerable 
distances towards the crown, as contrasted with plants on the other soils. On 
the chalky clay the parental habit was retained. Plants on all soils, with the 
exception of those on the Potterne soil, showed rooting at the nodes. Both 
spring and autumn germination of seeds occurred. Seedlings germinated best 
on the calcareous soils in 1930 and on the calcareous sand in 1931. In general 
the plants did best on chalky clay till the sudden deaths of all except one 
in 1931. 

Anthyllis irulneraria. Again no morphological changes of a qualitative 
nature occurred in the new stock. The seedling development was quickest on 
Potterne soil, but at maximum flowering period the plants on the calcareous 
soil were of much better tone than those on the non-calcareous soils. There is 
continuous germination of seeds through all the year, except during hard frost. 
Although Anthyllifi is probably a relatively persistent natural crop, under 
experimental conditions, such that individual plants have no competition, 
growth becomes so luxuriant that the great output of seed results in im- 
poverishment, and dense growth leads to rotting of the crowuis and death. 

Plantayo major. The very great differences between the plants on the 
various soils has been increased. On the sands the plants have remained small ; 
on the clays they made most luxuriant growdh. The significance of thest' 
differences is well shown by the measurements and counts given. A peculiar 
strict’’ habit, with the leaves growing practically erect, developed in all 
plants, except one, on the chalky clay, and some tendency towards this strict 
habit was observed on the calcareous sand. On the sands and Potterne soil 
the peduncles produced spreading hairs; on the clays the peduncles were 
glabrescent below and had adprcssed hairs on the upper part. On the sands 
the plants heaved up after frost. This did not occur on the other soils. 

3. In 1931 a biotic factor was introduced by the occurrence and multipli- 
cation of slugs on the clays. In both the years here reviewed mosses increased 
very considerably on the bare places of the soils and even threatened to 
compete with the transplants on the calcareous sand. 

4. Apart from the quantitative and qualitative changes on the different 
soils the accurate recording of mortality and behaviour during different stage.s 
of life-history are providing data of an ecological nature. 

5. Continued work on the experiments has impressed us with the very 
different reactions, or lack of reactions, of the species being used and with 
the complexity of a plant’s environment. It is impossible, except on the basis 
of empirical knowledge of a given species, to foretell how that species will 
react to such conditions as those under which the transplant experiments are 
being conducted. The degree and nature of plasticity are inherent characters.” 
It was the original intention of the committee to experiment with the influence 
of edaphic factors on the species chosen, other factors being kept uniform, 



Eric M. Marsden-Jones and W. B. Turrill 293 

but the plants being grown as naturally as possible. The event has proved 
tliis an impossible ideal under the given eonditions. The interaction of factors 
is so great that a complete study of their individual action could only be 
undertaken by very considerable extension of the experiments. The direct 
influence of the physical and chemical peculiarities of the soils on the characters 
of the plants has been our chad* concern, but this influence has frequently 
proved indirect, varying with climatic factors and sometimes acting through 
biotic factors. 

[Mr. C. (1. T. Morison's Jiccount of tlu^ soils used in these experiments on 
pp. 475 8 of this issue is to be considered as ])art of tliis Report]. 
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I. Introdi^ction. 

(1) Field work {see map). 

In June of 1928, through the courtesy of the Government of Greenland, the 
Oxford University Greenland Expedition established a base camp at Iser- 
siutilik, in the Kugssuk inl(;t of Godthaab Fjord, 40 miles inland north-east 
of Godthaab (Isersiutilik, lat. 04'' 40' N., long. 5U20'VV. ; Godtliaab, lat. 
64° 11' N., long. 51° 45' W . ; admiralty charts 235 76). The Kugssuk inlet was 
biologically unexplored except for some botanical observations by Vahl and 
Rink, cited by Rosendahl ( 35 ) and others, A Danish meteorological Htation 
recorded at Kornok (more correctly Qornoq, lat. 64° 26' N., long. 50° 58' W.) 
from 1882 to 1891. The only other observations of consequence were those 
made by Nansen on climate and physiography in Godthaab Fjord ( 9 ). 

The object to which the whole expedition was devoted was the making 
of an ecological survey of a typical sample area, about 10 square miles in 
extent, of the interior of the western land belt. Isersiutilik was chosen as 
topographically most suitable, and how typical it proved will be seen from 




Fig. 1. Godthaab Fjord. Keprodured by coiirtewy of the Royal Geographical ISociety 
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the present paper. A topographic survey was made of the area (see Longstaff 
( 7 )), the Kornok station being relied on for meteorological data. In conjunc- 
tion with the vegetation survey samples of representative soils were examined, 
and field determinations of hydrogen-ion concentration checked subsequently 
in England. Soil micro-organisms were not studied, since they have already 
been well analysed for the Disco region. The plankton of lakes above pond 
size was necessarily left untouched save for sampling of the diatom population 
(see Fuge ( 38 )). The zoological work comprised an analysis of the insect popu- 
lation and a census of the bird population, involving the mapping of every 
nest over 8-4 square miles. In this connection entomological and botanical 
analyses were made of the stomach contents of over 100 birds brought back 
to England, and from these will be worked out the food requirements of the 
727 pairs of 14 species located on the area by the ornithologists. 

The Isersiutilik survey was combined with reconnaissance in various parts 
of the fjord, observations on altitudinal transects being made at intervals of 
100 ft. by the aneroid. 

Botanical observations were carried out as follows: 

Maritime region. Rough primary survey of the small Godthaab peninsular 
(some 2 square miles), June 15th and August 2nd, supplemented by field glass 
observations of the fjord slopes inland on June 16th and August 1st. 

Subcontinental region. Survey of the Isersiutilik area and its neighbour- 
hood, about 10 square miles, June 16th to July 4th, July 9th to August 1st, 
with reconnaissances about Kugssuk, assisted by T. G. L., E. M. N. and J. H. 
and a route transect in the Ivisat foothills. Altitude transects comprised two 
ascents of the Ivisat hills, one of Nugarssuk bird cliff and one of South Hill, 
and various supplementary reconnaissances were made. 

Continental region. Reconnaissances at the west entry of Ujaragssuit, 
June 18th, Majuala, July 5th to 6th, llulialik, July 6th to 7th, with field glass 
observations of the fjord slopes between these points and landings nearer 
Kugssuk. One altitude transect was made at llulialik, and supplementary 
observations by E. M. N. and T. G. L. 

Reconnaissance was thus necessarily rapid, and could only be carried out 
by means of the “local types” analysed in section III (1) and by observations 
on growth type and frequency of dominant species. The validity of the local 
types employed requires to be tested by subsequent expeditions, l)ut it is 
hoped that inaccuracies have been avoided by repeated confirmation from 
Rosenvinge ( 51 ) and other authors. Species identified by eye are queried 
whenever there is any grounds of doubt, the one serious case being the possi- 
bility of confusion between Alectoria nigricans and Parmelia pubescens in 
certain situations. 

The primary object of this paper is to determine the environmental re- 
lationships of the dominant species and local types found at Isersiutilik by 
studying their recurrence in other parts of the fjord and on the west coast 
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generally. It is therefore largely a summary of reconnaissance results, supple- 
mented by citations from other accounts of the west coast. At the same time 
it is hoped to show by this means the relation of the Isersiutilik survey to 
ecological surveys made on previous Oxford expeditions to the Spitsbergen 
archipelago and on subsequent expeditions of the Oxford University Explora- 
tion Club to Lapland and Hudson Strait. 

The vegetation is described on the basis of climatic and physiographic 
'‘regimes,” the description of the sub(‘.ontinental ‘Mow fjaeld*’ of Isersiutilik 
being in each case reserved to the last. Only these two main groups of factors 
are considered, the reason for this lying in the extent of the area considered. 
The treatment is best made clear by definition : 

(1) Regional aspect. Environment and vegetation are considered in so far 
as they show constant characteristics over large areas. Broad vegetation types 
are here dependent on external factors, physical factors of the environment 
unmodified by the organisms they control. These factors fall into two groups, 
climxitic and 'physiographic, tlie latter term being heif used to include the 
geology. For practical purposes these groups may here be treated as inde- 
pendent, except in so far as the climate is modified ]>y the physiography, 
leading to what is here termed orographic variation. The vegetation type 
determined by such a regime is termed the regional type. 

(2) Local aspect. Environment and vegetation are ^’onsidered over small 
areas. Here the vegetation is in the first instance determined by sites whose 
(‘haracteristics arise from the interaction of climate and physiography, namely 
the nvicrocUmate and the gcotnorphology. In these parts, owing to the very 
slight normal erosion and tlu' great influence of aspect and snow cover, these 
lesser external factors are of paramount importance jn difi'f'rentialing vegeta- 
tion types, internal factors being slight in effect. The term geomorpiiology is 
used to cover microrelief, subsoil structure and drainage, being the static 
aspect of Tanslev’s geodynamic factor. \"egetation types determined by these 
factors of sit(' are referred to as local types. 

(*}) Internal aspect. The organisms themselves and the set of modified 
conditions they produce in their em ironment are here termed internal factors . 
Those concerned are the abiotic factors of plant-modified climate and of 
plant- and animal-modified soib, and the causal organisms, treated as phyto- 
biotic and zoobiotic factors. Tlie set of conditions set up by these factors in 
combination may })erha{)s l)e termed the biontc, and the community which 
the organisms collectively constitute, the hiocoenose or biotic connnnnity, 8uch 
a community of course falls within the sphere of influence of external factors, 
and may be described either on a regional or a local basis. 

^ It will Ik* observed that on this cltuisitii-ation of factors the term iKlaj)hi(* factor has to )>c 
discarded as an ambiguous one, (‘overing both internal ami external soil factors. This is done 
the moit^ readily hen> in that the soil is of an '“immatim*” typt* consisting of a la> er of humus 
over a little modifitKl substratum. 
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In the present account only the regional aspect is dealt with, though the 
local aspect has to be referred to owing to the great local variation found 
within any one region. In a subsequent joint account of the plant and animal 
communities of Isersiutilik, the local aspect will be dealt with, in conjunction 
with the internal aspect, in greater detail. 

The necessity of constant reference to the local aspect will be seen from 
the account of the vegetation. In a general way the sparse green and mossy 
heath of the coastal lowlands could be seen gradually increasing in luxuriance 
inland, with the inclusion of yellow lichen patches in the tangle, till, in the 
innermost recesses of the land -belt, areas of drier lichen heath with sparser 
or more matted slirubs again l)egan to appear. Floristic and habit changes 
were also noted. But to define the changes beyond this rather vague descrip- 
tion it is necessary to employ the local type as the one recognisable unit of 
vegetation classification (compare the section on Classification, p. 307). The 
reason for this is that under the influence of the geomorphology and of the 
winds and the low sun on the depth and duration of the snow cover, the 
frequencies of species and the whole facies of the heath changes in a kaleido- 
scopic fashion over small areas. 

From the interaction of these various microclimatic and geomorphic factors 
there arises in fact an enormous multiplicity of habitats. If two to four grades 
are taken for each of the factors of snow depth, snow duration, snow flushing, 
ground water and soil texture, the number of theoretically possible combina- 
tions is more than can be coped with. The combinations actually found would 
require prolonged investigation and over-wintering on the spot for their full 
elucidation, by such a method as that discussed in a previous note ( 13 ). The 
apparent confusion is intensified by competition between little specialised 
species, especially between dwarf shrubs whose root development is enormous 
for the shallow soil, and between them and great numbers of lichens and 
bryophytes. Where a transition also takes place between regional types, as 
at Isersiutilik, with its balance bctw^een dwarf shrubs, mosses and lichens, the 
striking patchwork so formed frequently breaks down into bewilderingly 
heterogeneous vegetation, with complete lack of dominance either of species 
or life form. But though much of such heath is a mixture of species of varied 
environmental affinities, the component groups of species become clearer 
wherever the balance of factors is sufficiently altered in one direction. 

By working on these more extreme sites the multifarious heath population 
of Isersiutilik was listed under 13 communities of 15 to 40 species each. The 
number may appear large, but it must be borne in mind that it was possible 
to pass in a matter of paces from diminutive “high arctic’’ species to boreal 
species in scrub that stood above one’s head. The physiognomy of these asso- 
ciations and their chief species were correlated with types seen on reconnais- 
sance work in other parts of the fjord, and from these observations were 
defined the local types given in the section on classification. Local types may 
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vary both in the number of associates represented and in the area occupied, 
the latter ranging from a few square feet to many acres according to conditions. 
Their widespread recurrence with replication of the same conditions may be 
gauged from the fact that while 13 types were determined at Isersiutilik, only 
16 were noted for the whole fjord lowlands. These types represent those which 
were recognised as significant, but others might well be found in the same 
region. What types are selected is largely a matter of convenience or ease of 
recognition. The essential thing was to provide a system of classification 
sufficiently elastic to cope with the local variation described. 

( 2 ) A rh) (ndedif nients . 

The expedition was made possible by the generosity of the Oxford Uni- 
versity authorities and of the Danish government and Gronlands Styrelse. We 
were greatly helpful in (ireenlaTul l)y the Governor, Mr Honore Petersen, and 
by Mr tSimony, the Governor of the Godthaab district, 1 myself have also to 
thank them for information r(‘garding the winter climat^. 

To the members of the expedition 1 am indebted for valuable help in 
reconnaissance work, and in particular to its leader, Dr T. G. Longstaff, to 
K, M. Nicholson, and to Sir J. L. Hanham, Bt. Data so contributed are indi- 
cated by initials. Botanical photographs were specially taken by W. G. H. 1). 
(-rouch, over 70 in number, and the detailed record so provided has been the 
greatest asset in tln^ preparation of results. It is a matter of deep regret to 
learn at the time of writing of Mr Crouch’s death in an air disaster It is 
intended, on the completion of f)ublication, to present the negatives and prints 
of his and oth(*r botanical photograplis to the collection of the British Ecolo- 
gical Society. 

For advice on the interpretation of the climate I wish to thank Dr E. P. 
Brooks, and for the privilege of seeing their data from Sondre Stronifjord, 
Dr J. Vh urch, rlunr. and Prof. W. H. Hobbs, the leader of the Ibiiversity of 
Michigan Expedition. Data of snow depths from the coast to the ice-cap, 
obtained by Dr Church and Mr Helge Bangsted, and information on the snow 
cover of certain plants received from Dr (diurch, and from Mr T. M. Harris 
regarding Scoresby Sound, gave valuable confirmation of the influence of 
this factor. 

A particular debt of gratitude is owed to the authorities who worked out 
the collections, as many critical groups were involved, and, in the case of the 
cryptogams, random samples had been taken for check purposes, the separa- 
tion of the various species mixed in them being a laborious task. Determina- 
tions are here cited from the followdng: 

Phanerogams in general: Royal Botanic Gardens, Kew (E. Milne-Redhead). 

Salix: B. Floderiis. 

Taraxaciini: H. Dahlstodt. 

Draba: O. E. Schulz. 

Journ. of Boology XXI 
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Euphrasia: H. W. Pugsley. 

Empetrum: 0. Hagerup. 

Gramineae: A. W. Hubbard and 0. R. Holiiiberg. 

Erigeron, etc.: J. Lid. 

Uieraciuni : E . Alniq uist. 


Pteridophytes: 
Mosses : 
Hepatics : 
Lichens : 

Fungi : 

Diatoms : 

Other algae: 


Royal Botanic Gardens, Kew (C. H. Wright). 

H. N. Dixon. 

W. Watson and H. H. Knight. 

R. Paulson. 

E. M. Wakefield. 

1). P. Fuge. 

N. Carter. 

Miscellaneous plants: Botanical Dept., British Museum (Nat. Hist.). 

Bryozoa: O. Nordgard. 

Peat analyses: K. Jessen (preliminary examination: G. Erdtman). 

Rock samples: Minerals Dept., British Museum (Nat. Hist.). 

pH values: School of Rural Economy, Oxford. 

Much valuable help concerning the soils was given by Mr K. M. Crowther 
and others of the chemistry department of Rotliamsted Experimental Station, 
and facilities for the examination of their Greenland material were provided 
by the herbaria of Kew, Copenhagen and Stockholm. To the members of these 
institutions I wish to express my thanks for their advice and assistance. 

Finally, 1 wish to express my gratitude to those whose advice has guided 
the production of this paper, and in particuilar to Prof. A. G. Tansley and 
Mr V. S. Summerhayes for much helpful criticism. 


11. Environment. 

( 1 ) Cf im alic regiw es . 

The following preliminary attempt to group West Greenland climatic re- 
gimes employs the available temperature records for the summer (frost-fre(‘) 
season, the bitter winter temperatures app(‘aring similar in their effects 
throughout the country: in general removal of snow cover appfuirs to be fatal 
to a large number of species everywhere, for in the very great winter range of 
absolute temperature (X in January, maxima commonly exceeding 

the July mean) such plants, reawakened by the sudden spells of warmth, are 
liable to desiccation when the cold winds return. Accordingly the July means 
are used, with the 10*^ C. July isotherm taken as the approximate limit of the 
Arctic ; its close relation to the limit of woodland has been frequently noticed 
(cf. Liindegardh (8)), and is well shown in two graphs cited by Haviland (5) 
for tundra and taiga ; but it is, of course, clear that a complex of factors has 
really to be considered, and reference should be made to the formula devised 
for the limit by 0. Nordenskjold (28). More satisfactory figures are probably 
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temperature totals — the sum of positive monthly mean temperatures multi- 
plied by the number of days of the frost-free period. These are also estimated, 
but to be strictly comparal)le the sums of means should be multiplied by the 
actual duration of daylight, calculated in days, the reason being that the 
apparent decrease in length of the summer season with increasing latitude is 
partly compensated for by increasing length of day, with reduction, and final 
disappearance, of night radiation losses. 

Although temperatures are employed in their definition, the selection f 
the regimes is based as far as possible on the wind systems and the distribution 
of coastal fog. In this respect data are insuilicient for the Polar and High 
Arctic regimes described. They appear to be most sheltered and fog-free 
inland, and may ultimately be subdivisible into maritime and continental 
regimes after the manner of Sumrnerhayes and h]lton (66). 

It should be noted tliat th(‘ duly mean slmw^s little correlation with the 
decn'ase in angle of insolation northwards. In the interior the ice cap wdnds 
warmed by compression, and on the coast the cold fog and sea winds, lead 
to the distribution of temperatun' regions being roughly parallel with coast 
and ice-(;ap. The effect on the coast is such that Nanortialik has actually a 
colder July than (lodtliaab, while, inland, Kornok was if anytliing cooler 
tlnvn than some stations in Tmanak Fjord during the periods of observation. 
Ibit })n*cipitation decreases rapidly northwards and inland, while Baur ( 17 ) 
sliow's the coast to have a comparatively fog-free region betw^een Holstenborg 
and Ihnanak Fjord, 

The following four climatic regimes are distinguished: 

Palar regime of high pressure conditions, witli minimal snowfall, partly 
evuiporating Ixvforc the tliaw .* t(*mperature total under 1500, and falling as 
low' as 590: July mean und(T 5 (A NVu/dn/.s.* Lady Franklin Bay, North Star 
Bay, rnglefield Bay. (('f, Ko(‘h regarding wind con<litions and coastal fog (22), 
and liaur passiiH ( 17 ).) 

High Arche regime of glacial winds of the ice-margin, arid (precipitation 
under 20 cm.), wdth light snowfall: temperature totals betw'een 1500 and 5000, 
and July means between 5 and 7-5' (A Stalions: some ni I manak Fjord; of 
others, Jacobshavui represents transitions to Low' Arctic conditions, w^hile 
Upernivik is reckoned as on the edge of the Polar regime. (( J. Baur ( 17 ) and 
IVtersen (21).) 

Maritime Arclic nyime of the coast south of Disc’o Bay or Holstenborg, 
subject to humid south-westers of depressions moving up Davis Strait and to 
fog condensed 1)V the cold polar current flowing north from Cape Farew'ell: 
the effect of this current ceases soon after Holstenborg, w'hile the effect of the 
south-westers falls off wdth the passing of the Sukkertoppen ice arm in tlic 
same region. The wdnter winds are chiefly from the ice cap, at Godthaab the 
north-easter, kiiowm to the Esquimaux as Tamake, "'the wdnd that blows 
down the fjord.’’ Humid climate (precipitation over 50 cm.), with ample 
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winter snow cover, frequently lying over a metre in depth and disappearing 
late, between May and July. During the cloudy summer pack-ice is brought 
to the Godthaab skerries about July, when the relative humidity rises sharply, 
while the fog associated with it rises from a minimum of 0*2 days per month 
in January to maxima of 13 days in July and August. Consequently there is 
a considerable lowering of insolation and of the intensity of chemically active 
light, investigated elsewhere by Porsild (18). July means between 5 and 
7*5° C., and temperature totals between 3000 and 5000. Typical stoMons: 
Godthaab and Nanortialik. (Cf. Petersen (21), and comments in Rosenvinge 
(51), supplemented by verbal information quoted in the introduction, figures 
in Krabbe (6) and data from the Arctic Pilot (16).) The distance inland for 
w'hich the regime is held to extend is best determined by the extent of influence 
of predominant summer sea wdnds. 

Low Arctic regime of the continental belt inland of the last, the ‘'warm, 
dry steppe region” of 0. Nordenskjold (27). The dry w^inds of the glacial 
anticyclone predominate not only in winter, as north-easters in Godthaal) 
Fjord, but also in summer as warm south-easters of great regularity, though 
a cold sunset wind was experienced close to the ice. Tlie conditions on the 
average are semi-arid, the precipitation of 20 50 cm. being borne inland from 
the sea except for local condensation showers, and largely collected by siui- 
ward mountains. The subcontinental regions of the south-west are prol)al)ly 
more humid, but the southward increase in precipitation may l)e acconipanied 
by an increase in evaporation due to the higher temperatures. With the 
probable exception of the same regions the snow' cover is typically shallow 
(measurements under 30 cm,), and the more so in that sudden w^arm waves ' 
occur in mid-winter and “foehns,” sometimes of enormous velocity, accom- 
pany considerable rise of temperature and remove much, and even all, of tin* 
snow: the remainder is described as mostly disappearing in March and April. 
The summer insolation is intense, the July mean of 7-5 10'' V. giving no fair 
meastire of the sun’s power, a (|ualifi(*ation wdiich, to judge from the figures 
of Wiilfl (22) and others, may also apply to the continental Polar and High 
Arctic regimes. Temperature totals range from 3000 to at least 8000, ((’f. 
Kornok data below, Petersen (21), Rosenvinge (51), Nansen (9) and supple- 
mentary information on winter factors from Messrs Church and Bangsted.) 
The upper limit of the July mean in the south is actually unascertained, and 
stations by the cold waters of the south-western fjords, which act as funnels 
for the sea winds, cannot be expected to represent it. 2° V. may be the 
minimum difference between the coast and the continental region, increasing 
in the extreme south where there is an approach to high boreal conditions 
{vide (51)). 

Isersttdilik, The expedition’s surveyed area falls in the subcontinental 
region of Godthaab Fjord and in the Low Arctic regime as described, its 
climate, except for a possibly greater amount of sun, being fairly represented 
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by the Danish meteorological station at Kornok. The climatic optimum of the 
fjord lies further inland, towards Ilulialik (cf. LongstafF (7)), but the site is 
protected from the force of winter ice-cap winds by the mountainous high 
fjaeld inland of it, while the Sadlen block of mountains, and hills to seaward 
of it, give it partial protection from the sea winds, broken by the wide north 
arm of the fjord. It does not represent fully the continental character of the 
Low Arctic, reginu*, being shown to be close to the meeting-place of sea and 
ice-cap wind systems, both by the botanical evidence tlie (*hanges in t> e 
orientation of espaliers, the desiccation of the sid(*s of shrub patches and their 
degree of decumbency and mat-growth, ol>serv(‘d up the fjord and by tht^ 
presence of a local cloud-region about tlie Ivisat hills described by (). Norden- 
skjold (27), and by Dr ('hurch, as characteristic of this situation. 

In this sub(‘ontinental n^gion we experiiuiced a fairly regular secpience of 
light morning south-easters, warm and dry, and of aft(*rnof)n or evening south- 
westers, cool and moist or showery, though often (‘iijoying a {)oeket of line 
weather wlien the hills aliout were cloud(‘d. This se(|iience was interrupted 
l)y occasional hot, calm days followed once liy thinuhn* in the hills, with 
lb hours torrential rain, and once by a violent storm. The precipitation for 
tlie year at Kornok was .*hj*5cm. in the past averages. In the winter the 
snow is stated to lie from about Octobt^r (cf. 6, 9) and to be blown into hollow\s 
betwiMMi ice-bound rock domes. In the summci snow' and hail were only 
experienced at high altitud(\s. I)t‘w is negligible in tlie brief night, and evapora- 
tion sulliciently great for ponds under }(K‘m. in depth, tepid in summer, to 
dry out partially or entirely under the pr(\sent cycle of climate. The balance 
of precipitation and evajioration may become critical on porous soils, especially 
wdiere little wdntiT snow' collects and insolation is direct. 

During the months of the fro.st-fn‘e period temperature rises with great 
rapidity, and by mid-June only one abnormally late snow^-patch could be 
found in the region. During a representative 18 days' observations in the last 
w'eek of June and first fortnight of July, air temperatures at 9.30 a.m. were 
found by K. M. N. to average 10*5'' wdth max. 15'' C. and min. 7"^ C., the 
('xtremes observed through the day being 19-5 and 5^ t',, with greatest range 
in afternoon or (‘vening according to the character of the wdnd. The *' nights ' 
are w arm, 3" (\ rejiresenting an exceptionally cold midnight, and 9° C. ob- 
served at daw'n. As the Kornok July mean was C. it seems that mid- 
summer temperatures at Isersiutilik in 1928 may liave exceeded its average 
l)y over 2"^ (\, a difference typical of the great yearly and local variation found 
throughout the land belt (cf. Petersen (21) and Rosen vinge (51)). After this 
variable summer, temperatures fall again to tlieir minimum in January, wdien 
the Kornok mean was - 10*8^ C. 

Orographic variation. The climate is considerably modified by physio- 
graphic factors, especially by major changes in slope and elevation, and such 
effects are referred to as orographic variation. Slopes receive the greatest 
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insolation, and on these the most favoured sites are snow-holding ledges 
backed by steep rock walls, whose re-radiation of the sun’s warmth melts 
the snow from behind. Thus the normal lapse rate of 0-6° C. per 100 m. ( 20 ) 
has a variable significance, and elevations are grouped artificially as follows: 

100-300 m. (330 -990 ft.): Lower Montane Zone. 

300-500 m. (990-1650 ft.): Middle Montane Zone. 

500-700 m. (1650-2310 ft.); and higher: Upper Montane Zone. 

Rosenvinge ( 51 ) attributes very great importance to differences in exposure 
to or protection from the '‘foehns'’ in determining the vegetation of slopes in 
the southern fjord region. How far this applies to the foehn in the highlands 
of Godthaab Fjord is uncertain, but there is no doubt that it applies to the 
winter ice-cap winds in general. The only qualification to be made is that 
blocks of land further from the ice, as the Ivisat high fjaeld referred to later, 
may suffer less from snow removal to the north-east and certainly feel the 
force of south-westerly gales from the sea. At lower altitudes the westerly 
slopes are more protected, however, and carry the more luxuriant vegetation 
in the central parts of the fjord. 

The most important difference between individual blocks of the highlands 
is that produced by the wind system in which each falls. This is here expressed 
by the differences in insolation produced, the maritime, and also, as noted, 
some subcontinental hills, being cloudy, whereas the continental hills appear 
from their vegetation to enjoy abundant sunshine. Their drier atmosphere* 
was borne out by the wonderful visibility from their summits, whence the 
ice-cap, with every shadow sharp^ appears as an anomaly in the hot sun. 
Two types are described accordingly: 

Cloudy type. Subcontinental high fjaeld of Ivisat and neighbouring blocks, 
with midsummer snow-patches in upper montane and sometimes in middle 
montane zone, frequent from *500 m. upwards: characterised by frequency of 
Salix herhacea and various late snow plants: optimum sites inferred to be 
southerly exposures where the snow melts early, together with south-westerly 
slopes when sheltered from the sea. 

Sunny type. Continental high fjaeld sampled at Ilulialik, with midsummer 
snow-patches scarce in the upper montane zone and only seen above 800 m. : 
characterised by frequency of Cassiope tetragona and lichens: optimum sites 
in southerly snow hollows or commonly on the more sheltered westerly slopes. 

(2) Physiographic regimes (PI, XVI, phots. 1, 2, 

PI. XX, phot. 9, PL XXI, phots. 10, II). 

The retiring ice has left the land-belt scored with a double system of 
troughs, the main fjord arms meeting its margin at right angles, in a north- 
easterly direction, while across them lie depressions, lakes or fjord arms, 
parallel to the ice. The effect of glaciation in this is said to have been the 
enlarging of pre-Glacial valleys and of diaclases or tectonic weaknesses in the 
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rock formation ( 24 ). The double trough system greatly influences the climatic 
regions in Godthaab Fjord, and the intervening mountain blocks serve to 
delimit the regions here outlined: the Maritime region seaward of the Sadlen 
Mountains, the subcontinental region inland of it, about the Kugssuk-Kornok 
line, and the continental region inland again, beyond the Ivisat uplands 
{720 m.) and Ivnajuagtok (1200 m.), as far as Ivisartok (1240 m.), upon which 
the white plain of the ice abuts. The combined width of these belts is about 
75 miles. 

The rocks between Disco Bay and the Ivigtut region in the south are 
believed to be a continuous system of pre-(Jami)rian gneisses and schists witli 
some later intrusions (see ( 23 )), and grey gneisses appeared to predominate 
in the northern arm of Godthaab Fjord. The physiography may therefore 
here be grouped according to macTo-relicd in a manner similar to that adopted 
by 0 . Nordenskjold ( 27 ); 

M(iHntain blocks whose summit contours do not show the levelling effect 
of glaciation. Those in Godthaab Fjord appear from the sea as a snow-crowned 
sierra., 1000 -1 GOO m. in height, screening the interior, and ocanipy the southern 
se(*tor of the fjord system. They have the steep relief of Norwegian fjord 
('ountry, with talus slopes at their feet, and near the coast small glaciers hang 
down their northern sides to less than 100 m. above the water. 

Il'if/h fjddd hlocksy typically 300-800 m. in altitude, which have been re- 
duced by the ice towards plateau (a)ntours, bearing summit tarns or drainiiig 
into cir(|iies. Erratic t)oulders and glaciated pebbles have been left on their 
summit flats. These liighlands, broken by the Ilulialik and Fjaragssuit de- 
j)r(\ssions, occupy most of the northern side of the fjord, inland of Kugssuk. 

Low Jjaeld. Heavily denuded lowlands, typically under 100 m. in eleva- 
tion, occupying most of the nortlnun side of the fjord from Kugssuk seawards. 
Across them low ridges, intercepted transversely by sliallow ravines, run out 
past Isersiutilik, rising again to higher fjaeld of about 300 m. and finally 
sinking below the sea in a characteristic fence of skerries. Strewn with count- 
less lakes, this country has its replica in southern Sweden. 

Sill terraces. Flats of “glacial clays,” more or less sandy, sometimes con- 
taining water-worn blocks or detritus but often devoid of stones, having been 
variously deposited by floating ice, lakes and streams at the ice-foot during 
(piaternary submergence of the lowlands (cf. 9 , 10 , 19 ). In Godthaab Fjord 
they form terraces (PI. XX, phot. 9) about the heads of inlets in the continental 
region, and appear to fill the valley from Kugssuk head to Taserssuak, forming 
small plains in a country which is elsewhere a network of irregularities, and 
attaining to near 100 m. in elevation, with eroded faces 2-30 m. deep. Tliis light 
grey silt has a high capillarity and lacks the water-retaining powers of a true 
clay, a Kugssuk sample being found to be a combination of clay with silt and 
very fine sand. Its sedimentation was found to be accelerated by saline water. 
This, however, probably only applies to the more clayey examples. On these 
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are found, especially in exposed places, stoneless clay polygons or ‘‘ rutemarks,” 
which are peculiarly resistant to colonisation. In the absence of these there 
are sometimes slight solifluction curves in the soil, across the angle of slope. 
Drainage is normally by piedmont springs, but locally erosion has carved out 
deep gullies, for in summer the smooth surface is often hard to cut with a 
knife, and great run-off must here take place in heavy storms. 

Drainage basins. Normal erosion, in Martoiine’s sense ( 26 ), has been so 
sliglit since the retirement of the ice, that rivers are rare and there is much 
Inward drainage. The lakes are innumerable in parts of the lowlands, and in 
them lies an untouched fields for biological exploration, with a means of 
transport more efficient than can be obtained in the hummocks and tangled 
lieath round about. Shallower waterlogged depressions in the region of the 
lakes are often occupied by peat of the warm ‘*post-Glacial ” period referred 
to later, and such areas are regularly rumpled into systems of close-set turf 
liummocks by the expansion processes accompanying the freezing of the boggy 
soil in winter. Such lake and hummock areas are here treated separately from 
the low fjaeld, though the two are often assoc^iated in tlie same region. 

Shoreline. The fjord water is still saline in Kugssuk, though becoming 
nearly sweet nearer the glaciers at the fjord head, and variable according to 
tide. The shoreline replicates the types of substratum of low fjaeld and terrace, 
and its most important characteristic%s are its varying salinity and the rapid 
subsidence which is now taking place (see Longstaff ( 7 ), and Seward ( 12 )). 
Owing to the latter factor the heath turf is being cut back and denuded 
wherever it comes within reach of ice-thrust and spray, and at this point is 
found a “neutral zone” with a special vegetation (PI. XXI, phot. 1 1). At the 
fjord head the lower zones of halophytes practically disappear. 

Isersiutilik (PI. XVl, phot. 1). The surveyed ground lay in low fjaeld, in- 
cluding a stretch of shoreliiK^, at the north end of the drainage basin of the 
largest lake between Godthaab Fjord and Fiskefjord. Typical exposures along 
the stream and shoreline consisted of granulitic biotite and hornblende-biotit(‘ 
gneisses, fine-grained and hard, and for the most part rich in quartz. Darker 
bands of diorite gneiss, hornblende schists, pegmatites, and occasional veins of 
quartz are interbedded. The strike was nearly north and south, and the strata 
were very varied in compactness and mineral constituents. The main glacial 
grooves follow the strike, so that across the area parallel rows of rock domes 
{roches moutonnees), and frost-shattered causeways, run between south and 
south-south-west. Between them the steep-sided tarns lie in chains, being 
joined by long corridors through the rocks, or linked by strips of detritus across 
terraced and boulder-strewn flats, o^ again spreading out into the boggy de- 
pressions of small drainage basins. Between these barriers the outward 
drainage is negligible, but smaller transverse corridors, one system running 
east to east-north-east, and one south-east, allow an occasional stream to 
find its way out. These corridors exactly resemble the triple diaclase system 
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described by Kornerup for thx^ Holsteiiborg district ( 25 ). Where they are 
devoid of soil, as at high altitudes, the angular blocks forming their floor can 
be seen crushed flat like an ill-metalled road by tin* weight of ice that once 
passed along them. 

ITI. Vp:oktation. 

(1) (RaHHifuMion (Pis. XVI-XIX, phots. 2 7). 

As has been pointed out on p. 298, uiuh^r nival conditions, and especially 
in tlie Arctic, zonal distribution of large vegetation units of a relatively homo- 
gcmeous character, app(‘ars to be n^placed l)y changing complexes composed 
of numerous smaller units, themselves variously mixed. Tlie result is generally 
a lack of dominance and little constanc-y of association. These features are 
less pronounced on the relatively uniform surface of a silt terrace or tundra 
plain than on the fjaeld or rock tundra (cf. 5 , 13 ). lint it is clear that the 
polyclimax type is general, and its (‘haracteristies prevented the working out 
here of the full classification of Du Kietz ( 3 , 4 ), although the vegetation he 
deals with in Scandinavia is of similar s]Ha‘ific composition. In consequence 
the following provisional classification is n^aincfl. with terminology based on 
that of Braun-Blanquet and I^avillard ( 1 ). 

The following t(‘rms ar(‘ (unployed: 

Regional tgpe. The lay(‘r structure and principal dominant or cliaracteristic 
species of each lay(‘r which predominate through a complex or series of com- 
plexes of the same general regime. 

Variant. Any samph^ of a complex taken under a uniform set of external 
factors; often mixed in character. 

Local type. Tlie layer structure and principal characti'ristic. dominant or 
differential species which giv(' a common facies to a number of similar variants. 

Associatiofi. The full sjiecific assemblage found from a number of variants 
to be characteristically associated with one local type. 

The layers used in classification arc as follows; 

(A) Ground layer, Oyptogams and plants less than 10 cm. 

(B) Field layer. Phanerogams over 10cm. in normal growth. 

((') Shrub layer. Shrubs over 1 metre. 

The layer structure is defined in the key below ((1), (2), (‘^), etc.), in which 
the local types recognised under rliffcrent (*onditions in Godthaal) Fjord are 
under their various classes. In their definition, following the principle of 
Cajander, primary importance is attached to the ground layer ( 2 ), which is 
most subject to the differentiating effects of competition. 

(1) Ojten vegetation, (iroiuiil layer mark<*(llv discoiitiniious: Held layer, wliei-e present, ehieflv 
scattered herbs (cf. 64). 

{a) eVyptoganis of ground layer most eonspiciious. 

Scattered Solorimi crocea among sparse crusts of ]*oli/trirhnm alpinum, under '2 cm.: 
Bometimes Brifiim or PohUa spp.; with few phanerogams as Phippna nlgida or 
Camiopt' hyptioide^ (cf. 41, 42, 66). Solorina-Moss Barren. 
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Open Rhacomitrium. hypnoide^ or R/uicomitrium spp. with sparse Cvlmria 8i)p., typically 
(J. hi(isce'fi.s, and seattereHl lield layer of Poa (flaum, l/uzula conjusa or Car ex spp. 
(( f. 42, 65). Luzula-Moss Barren. 

(b) Herb.y of field and ground layers most conspieuous. 

Scattered tlow^ering plants of polar or high arctic type, ehieliy Pa paver nndkaule with 
Raxifraga oppodtifolia or Draba sp})., with very few cryptogams (cf. 42, 44, 53, 54, 66). 

Poppy Herb Barren. 

Oxyria reniformls common, typically with Saxlfraga coinosa or spp., ( hrrdamine bellidi- 
Joha and Eanancnlus pygmneua^ with 8om<‘ mosses and hepatics. 

Oxyria Herb Barren. 

(2) Open Mat. Oround layer sparsf' but continuous in small or shallow patches; open field 
layer usually present. 

{a) Lichen ground layer doniinant without subshrub fit‘ld layer. 

Cladonia gracilis^ typically var. elorujaUu dominant in a sparse 5 cm. (’arpet on litter 
of Sahx herbarea^ with other lichens but lew !noss(‘s. (Sometimes closed.) (C-f. 39, 
Fig. 3 b.) Cladonia Mat Barren. 

(b) Lichen or mi xed ground layer among r ush ion subshrubs. 

('ushions of l)rya,s i ntegrifolla among s|>arse Abetordi orhroleuca or s])|)., with Cetrarui 
nivalis or Lecanora iartared var. frigidu. Some xcTOjih^ tic herlts such as Carer nardina. 
(Also closed ?) (Ct\ 39, 45, 50, 65, 66.) Dryas Mat Barron, 

(hjshions of l)iaptn.'aa la ppatiira, sometimes with Laisdearia procuinbeii.s. or with 
xerophytic herbs, e.g. d uncus (rifidus or Idizula spp., among Alerioria nigricans or spp. 
and Jjecanora, on (Jyinnoinitrluni roralloides and small mosses (cf. 4, 51, 57). 

Diapensia Mat Barren. 

(c) Moss ground layer and dwarf shrub field layer. 

Cassiope tefragoua dominant in a rather sparsr' field lay(‘r with or without associates of 
the DryaH type among mosses, e.g. Dicranam and Palytrirhinn sp[). in small (juantity. 
(Also closed?) (Lf. 39, 45, 49, 66.) Cassiope Mat Barren. 

(3) Lichen Mat. Ground layer, with lichens predominating, continuous, hiding stones or 
forming a dense turf or carpet 2 cm. am.’ upw'ards in depth; lield layci* al)8ent or discontinuous 
or in small patches (cf. 51). 

(a) Ground layer shallow (2 to 5 cm. approx.), with white Cladinae absent or si)arscly 

scattered. 

Cetrana hiascens dominant, usually with some Sulix herbaxea and few Dicrannm and 
Cladonia spp., scattered herbs, e.g. Arejoiria Groenlatidicaj and occasionally Loiseleuria 
proewmbens or hhnpeirum, hennaphrodituin (cf. 4, 55). Cetraria Mat. 

Alecloria ochroleuca, dominant with Splaierophorum inelanocarpus and other lichens, 
usually concealing crust-mo8.seH of (^), with Va^X'iniuni uligirLOsurn var. niicrophylluni 
abundant, or Rhododendron lapponicum, and scattered xerophytic; herbs (cf. 4, 54, 55). 

Alectoria Mat. 

(b) Ground layer deeper (5-15 cm.), with white Cladinae numerous and conspicuous. 
Cetraria nivalis plentiful, with numerous mixed Cladonia spp. in a low' or loose grouml 
layer, with Pohlia nutans and Polytrichum juniperinunif among Pet u la nataiy often 
decumbent. Vaccinium microphyllmUf Ledum decumbens, and herbs as H ierochloe. 
alpiiui a.sBociated (cf.4, 37,45,48,49,59) (PI. XVII, phot. 3). Birch-Licben Mat. 

C ladinae, typically C. mitis and C. alpestris, interwoven with Stereocuulon paschale in 
dejise tall carpet. Dwarf shrubs, typically Betnla nrina, and grasses, etc., widely 
spaced when present, and mosses of above entirely restricted to cracks (c,f. 4, 51, 67, 
59,63,64,67,70). Gladina Mat. 

(4) Mo 88 Mat. Ground layer with rao-sses predominating, structure as lost. Field layer absent 
or discontinuous or in small patches (cf. 51). 

(tt) Field layer of dwarf slirubs absent or inconspicuous. 

t^alix herbaceu abundant, often with Cassiope hyprtoideSy in a 2—5 cm. mos.s mat. 




Phnt. /- . M . ,V. 

IMiot. 4. l Jt‘il) I\Iat ; of/ir/ tiu/is skeletons and lea\ es standing above tall 

Cy]>craceae and grasses in moist situation at Kiigssuk Mead. Willow scrub occupies sitt‘ 
0.1 snow drift at base of rocks, benefiting from southerly aspect and probably from re- 
radiated warmth. .Units incana close to waterfall. 
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chiefly Dicrannin m.oW\ often with iJrepunocluduji unrAnaius and Hepaticao. (Some- 
times Open Mat.) (('f. 39, 48, 51, 60, 65, 68, 69.) Salix-Moss Mat. 

M/iacomiirium kypnoidtH dominant, without or submerging dwarf shrubs of next, 
often with Dicranam, elomjatum and PolytricJuun Mlrirliim var. (dpiMtrt and associated 
hchcns, in a .'>10 cm. mat, with seattcrcrJ herbs, c.g, Luzuln spp. (cf. 4, 37, 51,60,61, 
65,66,69). Rhacomitrium-Moss Mat. 

(6) Field layer of dw arf shrubs conspicuous or in patches. 

bJnipetrum. her^Kiphroditunt dominant with \’(ir<lni uni, uliijinosuni i\ and occasional 
Bryanthus coerulf us in ground lay<T of Dirranuui spp., often with Ptiiiduuu rihare, 
Bolytrirhuni .strictiuu var. and otlmr biyo])hvta and lichens of Xepftrom ium grmip (cf. 
4, 39, 51, 60, 66, 69, 72). Empetrum-Moss Mat. 

(i5) Patch-work', Mat. Field layer of rlwarf shrubs discontinuous in large* ]>atch(‘s, with lichens 
and mosses equally tronspicuous, intermingle<l or in patches. 

P}uji*'trunt hf'ruiajdiroflitum ami Bifula uaua codominant .sl)rul>s with patches of 
Cladonlu alyustris. J )rcj}anorlndu-^ n nnnatus commoner than othi‘r mosses [Uicranu iu> 
spp. and Polytnchum spp.): ('Uidouia coccifira^ etc., and scatt'‘red herbs, e.g. Carex 
nijlda var. roucolor, associated (cf. 4, 48, 51, 64). Empetrum -Birch Mat. 

(0) Umih Mat. Field layer of dwarf siirul)s <‘onlinuous, hifling ground layer, .)!’ its large 
])at ches clearly dominant (cf. 50). 

I'acci fu u/u uliyino.'futu f. dominant, with Cfin.r riyida var. coundor and occasional 
Saiix chloroclado.s or Jh tuta uau<i„ with ground layer of I )r( ptuorludU’S anci nata-s f>r 
other hypnoid moss<‘s (<f. 4, 51, 60) (FI. XXI, phot. Id). Vaccinium Mat. 

Lidiim (irondandicum dominant or co-dominant with Bitnln uana or the two in 
alternes, with concealed ground layer of IJypuinn schnhirl, ami I)rf fHinocladu-^ un- 
Cl flatus aHso<’iated, and locally ( 'opt is irifidiata or // o rai s u ni h 'tdondu ns. Cala iniKjrostis 
PanjsdorjUii frequent. Ledum-Birch Mat. 

(7) Jlcrh Mat. Herbs dominant in a close* ground layen* or grass field lay(*r. 

Silduddm prorimdh ns common: tAdyijonum rici pannuy Lyrajsidium alpinuin, (inn- 
phuliufn supinum and other a.s.sociates, with few' grasses, e.g. Trisctuin splratuin or 
Phi* uni idpinuin (cf. 39). Dw8U*f Herb Mat. 

Field layer id' Calainagrost is /.anijsdorlfii and f)csrho lupsia /hxiiosa dominant, with 
as.sociat<*d Ptm alpigma ami herbs, c.g. Luzula and ('arex spp.. Pirola intnor, etc. (cf. 
37, 39, 49, 51, 53, 54, 59, 70). Grass Mat. 

(8) Scrub. Sliriib la\’cr continuous, liiding field hiyer. 

Sah.r (jbiuca ( s chdorocUnios) forming a I 2 m. scnil> with associated .Alnus incana. 
Field lay(*r tyjiically opt'n gnis.ses with ferns, Potndilbi mac u lata ^ t'lc. tTfound layer 
tyjiically Brachythccium sjip. (cf. 37, 39, 48, 51, 53, 54, 70). WiUow Scrub. 

One oxampld of pure alder scrub was also seen in a silted gorge north of 
llulialik, and Betiila nmta often forms small patches approaching tlie stu'uh 
category, bushes at Isersiutilik once being found approaching 1*5 m. in 
height. 

Types such as Empctrurn-Birch Mat overlap others in specific composition 
though not in facies: they have to be retained because these less differentiated 
types usually occupy the greatest area. These and other types have been 
chosen as far as possible to agree with those of other authors, in particular 
Du Eietz (Scandinavia), Hansen (Iceland), Rosenvinge (South Greenland), 
and Summerhayes and Elton (Spitsbergen), as indicated by the attached 
reference numbers. 
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In some cases taxonomic problems are involved; and among these the following should be 
noted : 

Km/pcirum hermaphroililiim. J)escribed and investigated by Hagernp (31): a tetraploid cell 
giant with palisade cells, and especially intcTCollular spaces, much larger than those of the boreal 

K. nigrum, and replacing it in the (Greenland sector of the Arctic: all West Greenland material 
examined belongs to this species. 

Ledum groenlandicum. Investigated by M. P. and A. E. Porsild (49): synonymous with the 

L. latifolmm of the boreal American coniferous forests, and of a corresponding range to that of 
the L. iKilusire races of the boreal Eurasian coniferous forests: dosely allied to the American 
arctic L. decnmbe.ns^ with apparently intermediate forms in Godthaab Pjord. 

Vaccinium uUginomm. A polymorphic species investigated by Petersen (34), Prom West 
(Jreeriland material examined only one example of the main specit^s was found, from the extreme 
south: the var. micro phyllutn is common through the High Arctic and more continental Low Arctic 
habitats; fruiting early and abundantly (cf. 49): the var. puhcMreus as tigun'd by Porsild (48) 
W'as not seen in Godthaal) Pjord, but was replaced by a narrow-leaved pubescent })lant, like it. 
fruiting poorly and late and occupying the mon' sheltered sites. This form or variety appeared 
to have a low' Arctic distribution in Greenland and is also found in Europe. Intermediates betw'een 
it and var. mic.ropkyllutn appeared to be fretpient. It answers to Eornemann's original figure 
of var. pubescens, but this was questioned by I^ange (32), and further investigation is needed 
(Specimen 283 in the Kew He^rbarium) (IM. XVI, phot. 2). 

Salix glaucu. All spt*cimens colh'cted iindcT this head, covering a great range of variation, 
were returned as hybrids with S. rhloroci/tdos by Hr Eloderus w ho has investigateil tin* group (30). 
Type i-V. glauc^i w'ould af)f>ear to be practically lost in Godtliaab Pjord upon this interpretation, 
and the Greenland tyi)e separated by Schneider (36) as S. (tnumcMu to be contaminated stock 
generally. The variations found in the plants with glanca fact(U's dominant are treated by 
Porsild as including constant races of S. glanca. (’ertainly in ( Jodthaal) Fjord there ap|H?areil 
to be recurrent types selected by different habitats, and of th(*se tin* following require note: 

Glauca TYPE: 

Scrub Willows. The nearest approach to Salix glauca as ordinarily understood, gem‘rall>' 
1-2 111 , high. Normally silky, but patches of glabr(\scent plants are found (155). 

Healli Wilhws. Often of the last type, but very variable: an er(‘ct shrub with silk\' leaves 
four times as long as broad, rec urs on dry ground throughout the fjord, ty[>ieally in Hirc h Lichen 
Mat (109 a). 

Plateuu Willows. Diminutive, cree]>ing, narrow -leaved plants of high altitudes (294). 

Intermediate, or approaching S. chlormMidos: 

Knoll Willows. Small, (Teeping plants with broadly ovate-lanceolate heaves, glabrc'scimt on 
the upper surface: on dry, rocky elevations, typically in Alcctoria variants and in the Lower 
Montane Zone (111). 

Chloroclados type : 

Bog Willows. I’redominantly or exclusively pure S. chloroclados (an American Arctic specie's 
of undrainod ground, of creeping habit). 

These observations are in partial agreement with Floderus, who states that glauca hybrids 
predominate, occupying dry and elevated situations, while chlorwlados hybrids occur in moist 
places in the lowlands and rarely in the mountains (30). But chhroclados ty|Kis (cf. 413) ascend 
into the Middle Montane Zone on the Ivisat Block, and they or the type are abundant on the 
Godthaab coast, both in cloudy regimes. 

The figures refer to typical specimens in the expedition’s collection in the Kew Herbarium. 

Polymorphic species are common in the plant populations, and it is probable that in some, 
especially in the Vaccinium forms cited, there are present a series of more or less plastit* ecotypes, 
as shown by Turesson in the cose of the Campanula, rotundlfoUa-Gieseckiana population in noi*thorn 
Europe (14). Porsild (49) and Turesson agree in finding that the more northern forms or varieties 
are the early-maturing ones, as here noted in the two (‘xtriuru' forms of the Vaccinium 
population. 
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(2) Climatic types. 

The divstribution of rej^ional climatic types appears to be best conceived 
as a series of elongated, much interrupted belts, roughly parallel to the ice- 
margin, but tending to commence in the more sheltered interior in the north 
and to terminate in the south nearer the coast. This qualification would not 
apply to those elements characterised by Cassiope tetrafiona (66), Alectoria 
oehrolenca (55), or dominant species of Cladina Mat (51, 59), which appear 
from the authors cited to be intolerant of the fog of the maritime (mnditions. 

Numerous cases of discontinuous distribution of species, particularly 
American Ericaceae and species held to have immigrat(‘d from America in 
t he warm post-Glacial period, complicate the definition of types, Imt may be 
resolved by further exploration. The most remarkable change is the replace- 
ment of Betuh> nana by B. (flamhdosa in the south (33). The tme boreal 
immigrants are now mostly isolated in favoured situations, notably Betvla 
odorata (‘'var. toriuosa'') in the south, though this appears, from pollen 
analyses made by Dr K. Jessen on peat samples of the (^xpedition, to have 
been found about the interior of Godtliaab Fjord in the warmer period. Upon 
the basis of the more widely distributed plants the main climatic types are 
outlined below for tlie west coast, with special attention to those represented 
in (b)dthaab Fjord. Their sulxlivisions, the physioirraphic types, as recognised 
in the fjord, are given subsiMjuently. 

It will be s(‘en tliat (‘ach of the major regimes has one or more species 
characteristically associated with it in abundance and on(‘ or more dominant 
local tvpes. It must not, however, be presumed from this that uniform types 
necessarily prevail over large areas. Most varied combinations of species are 
found, and tin' dominant local types ar<‘ sometimes only the expression of the 
average cornlunation s(‘en, while scarce combinations are generally omitted. 

Bobir (’lirnatr (North (Jreenland to Baffin Bay coast?). Opcui lierbaceous 
vegetation (fjaeldmark of Warming (54)) with Papover tnidicmile^ Luznla 
ronfusa, O.ryria rimiformis, Cardanrine hellidifoUa, Dryas and Sa.rifraf/a spp., 
(‘tc. typical. Rhacowitrium hypnoides the chief moss, with Polytrichum al- 
piruniu Bryum and Pohlia spp., et<\ Lichens undescribed, but Alectoria and 
Cetrana communities found in Ellesmereland by Simmons (see (56)). Sop 
Ostonfold on oollootion.s of Wulff (44) and Freuclion (42), and genoral acoount 
(43), and of. Snmmorhayos and Elton on liarren and l)n/ns Zono.s of the 
Spitsbergon Archipelago ( 66 ). 

High Arctic cHnmtc (inland of Baffin Bay to north Disco Island ?). Probably 
Open Mats of Cassiope tdreujona, Dryas integrifolia. Rhododendron lapjwnicutn, 
etc., with Veuxinium uliginosum var. microphyllnm and locally Empetrum, 
Betula and Ledum decutnhens entering in more favoured spots. Scattered 
xerophytic Luzida, Carer and Poa spp., with other grasse.s, e.g. Triseium spi- 
calum or inland, HisrochJoe alpiria. Other herbs, e.g. Draha and Cerastium spp., 
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Oxyria, Papaver, etc., being restricted to unfavourable places near the coast. 
Mosses, locally dominant on the coast, Rhacomitriuin hypnoides, Polytrichurn, 
Dicranum, Conostornum and Bryuyn spp., etc. Lichens apparently Alectoria, 
Cetraria and some Cladonia spp., with Solorina crocea near the coast. Both 
Dryas, and typically Cassioj^e, are described as forming ‘‘heaths,” but in 
transitional conditions, between lat. 72^" 31' N. and the south of Disco and 
neighbouring coast, this Cassiope type begins to give way to low arctic variants 
such as Ernpctru7n-BiTch Mat, and in drier parts, Birch -Lichen Mat, and to this 
transition region the data obtained by Holttum refer ( 39 ). See Porsild ( 46 , 
47 , 48 , 49 ), Brown ( 37 ), Taylor ( 52 ), Kruuse ( 40 ) and Lynge ( 41 ), and cf. 
Summerhayes and Elton ( 66 ) on Cassiope and Inner Fjord Zones of the 
Spitsbergen archipelago. 

Maritime Arctic rUrnate (outer portions of the land belt from Farewell to 
the Holstenborg region). Moss Mat, with Open Mat close to skerries. Empe- 
trim hermapkroditum and ^ialix hcrbacea chief dwarf shrul)s, with V acciniwm 
idiginosuni f. or var, frequently associated and sometimes abundant. Loise- 
leuria procumbens and Bryanthus coeruleus less common, and sometimes 
scattered hybrid willows of the chloroclados group. Grasses plentiful and 
varied; at Godthaab DescJmnpsia fhvxuosa and Festura ovina var. siipina f. 
vivipara the most plentiful, but other spcx’ies as Poa and Ayrostis spp. or 
Trisetum spicatum may figure elsewhere. The various species of Herb Mat 
seem to be little affected by maritime conditions. Taraxacum croceurn being 
conspicuous in this respect, while C alum ayrostis, Luzula and Carex spp. were 
also present, and Polygonum uimparuw is typically abundant. Typical mosses 
are Rhacomitriurn hypnoides, Dicranum molle, D. elonyafunt, Conostornum fetra- 
yonum, etc., and of the lichens, which, contrary to tlie opinion of Warming ( 53 ), 
were conspicuously few, Cetraria liiasccns, Cladonia yracilis, Parmelia pu- 
bescens ( ?), Solorina crocea and possibly other less frequent Peltigeraceae, seem 
typical. The frequency of herbs, howev^er docs not seem so great as described 
by Hadwen and Palmer ( 59 ) for the Alaska coast, nor the frequency of 
Vacciniurn uliyinosiim f. as great as described by Hansen ( 60 ) for Iceland. 

Owing to lack of insolation, assimilation and transpiration must alike be 
retarded in the critical periods of growth and reproduction. Empetrurn, though 
plentiful and strikingly green in foliage, had little fruit at Godthaab and that 
still green, at the beginning of August, 1928, while no Vacciniurn fruit was 
seen then and the stunted plants were often only 5 cm. in height. Late- 
flowering southern types suffered most, Chamaenerium anytislifoliu^ being 
reduced to eb cm. in height, with buds scarcely showing on the date referred to. 
Even the northern C\ latifoliurn wa^ reduced to 15cm. in height, as in the 
subcontinental upper montane zone. Not only was there a scarcity of helio- 
philous lichens, such as the Cladonia spp. to which Wiesner attributes high 
light requirements, but his claim that the range of illumination tolerated 
diminishes as plants approach their northern limit was borne out in that 
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Betula nmia was in the state of reduced branching described by him as 
symptomatic (15), Only a few trailing stems of it were seen, while Juniperus 
com/mimis var. nana and other heliophilous shrubs of the inner fjord were 
rare or absent. But grasses were common, as noted also by Rosenvinge (51) 
in the south, and the hemicryptophyte composition of the vegetation differed 
littl(‘ from that of the inner fjord except for the absence of some continental 
species such as Hierochloe alpina. The late snow is probably as important as 
the dull and chilly summer, and plants characteristic of these and “Scliiiee- 
talcherr’ conditions, such as Bryanthus coerideus, Salix herbacea, Cassiopii 
hypnoides, Gnaphaliuin snpinum and Sibhaklia procumhem, were numerous 
in species and unaffected in reproduction. 

Variants were listed with avoidance of the disturbed ground about the 
s(‘ttlement, wliich has an untypical, often nitrophilous, vegetation with luxuriant 
Poa alpiyena var. domestica. Results agreed closely with tliose of Rosenvinge 
(51) on the south coast, and data from the two sources are liere combined, 
givdng the following distribution of local types^: 

Open. Oxyria Herh Uam‘n: traces in snow gullies, (i. 

Luzula Moss Barron: traces, to frequent, on out(‘r coast, (i. 

Mat. I)iaj)ensia Mat Barren: patches of this ty]>c, (i, .) ? 

Moss Mat, lihacoinitrium Moss Mat: characteristic of coastlands, d. 

Sali\-Moss Mat: coniinon on coastlands, hut also in d. 

Krnpetrurn-Moss Mat: typically dominant, (i, .1. 

Patchwork Mat. Km|>ctriim-Birch .Mat: inland only, O. 

Il('ath .Mat, \’ac( iniuin Mat: .stunted, in rnoory plac(\s, (d. 

Mcrh Mat. I)\>arf Hcrhddrass Mat: scattcrc<l ))ockcts, (J. 

In this and tlu‘ following examples, H refers to the northern and Holsten- 
borg sector of the land belt, north of the Sukkertoppen ice arm, G to the 
Godthaab seetor south of it, and J to the Julianshaab sector south of the 
Fred(‘rieksliaab ice arm, where Atlantic depressions have most effeet. 

In gf*m‘ral th(‘ rocky and desolate character of these coastlands is not 
concealed by the low' green patches of vegetation or the shallow soil, through 
which nak(Ml talus often shows. The general type is that of nortli exposures 
and late snow sites of the lowlands of the subcontinental region of (R)dthaab 
Fjord, and of the Middle and Lower Montane Zones of its highlands. See 
ltos(qivinge (51), and ef. Siimmerhayes and FIton on Bear Island (65), 
Hansen on Iceland (60), and Watson on the aretie-alpine vegetation of 
Scottish mountain tops (69). 

Loiv Arctic climate (typical variants are first referred to by Porsild in 

30' N., but probably do not bt^come dominant till south of Disco Bay, 
extending theiice through the interior to the south, where they begin to 

‘ The variants noic»J dij not cover deHated, ojxm Km]x>triini-Mos.s and Cotraria tyfies, the 
former seen on southerly c^xposurt's, and the latter with Luzula-Moss Barren ou northerly ex- 
posures. Oitraria Mat is to he looked for in less exposed sit uations, and also Pladonia Mat Barren. 
Cf. tigure in Holttum (39) of ( 'Uut,onia gracili^i Mat on Salir hrrhat'ea. 
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assume a boreal character in subcontinental valleys). Lichen Mat, with Heath 
Mat in more humid or subcontinental situations, with pockets of Herb Mat 
and Scrub scattered throughout, but only assuming importance in the boreal 
transition localities. 

In the more continental part of the Godthaab sector Betula nana is the 
dominant shrub, with Vaccinium uliginosmn var. micro fhyllmn, and Ijcdmu 
(lecumbens among less plentiful associates: Empetrum hermaphroditum and 
Leduyn groenlandicum, are common, but favour westerly slopes, while Empetrum 
is thrust into less favourable situations, close to the fjord margin. Hierochloe 
alpina is the typical grass, but Deschampsia flexuosa and Calamagrostis Langs- 
dorffii are common, chiefly in association with scrub, while in addition to 
numerous herbs in such situations, Chamaenerium. angmtifoUnm and Lyc 4 )- 
podwm annotinum var. pungens are generally frequent. Mosses of the sul)- 
continental region, such as Drepanocladus umdnafus or Ilypnum Schreberi, are 
present, but Polytr%c}mm juniperinum and Polilia nutans seem characteristic. 
They are associated with abundant lichens {Cladonia spp. and Cetraria nivalis), 
especially those of tfladina Mat, in wliich Cladonia mitis and Stereocaulon 
paschale are here dominant. In the foehn regime of the Julianshaab sector 
the Empetrum, and possibly the Ledums, disappear, the BeUila species change 
and the lichens of Cladina Mat become more extensively dominant, 

With the high insolation vital processes are rapid. Empeirum. had ripe 
fruit in mid-June, a month earlier than the same species in Britain. Vaccin ium 
uliginosum var. microphylluni and even Juniperus communis var. nana, had 
ripe fruit in the first week of July, tall Chamacnerium angustifolium flowered 
then with other late species, and Hierochloe alpina had already shed its seeds. 
But the sun and dry winds make high demands on transpiration. Empetrum 
leaves turn yellow to brown shortly below the growing point, and the Fac- 
ciniurn and other plants develop anthocyanin pigments. Most conspicuous are 
the effects of a brief and shallow snow cover, Diapensia, Empetrum, Scrub 
Willows and Juniper alike showing dead wood or desiccated shoots, while the 
late snow plants of the coast were absent, or rare. In tlieir place, invading 
even Ledum-Birch Mat and Willow Scrub of derelict types, are the lichens, the 
sun-loving species of Wiesner ( 15 ) and the snow-free species of Rosenvinge ( 51 ) 
and Du Rietz ( 57 ). 

In this glacial steppe the bogs are narrowed to a fringe about evaporated 
pools, and even xerophytes such as Diapensia can enter them. The birches 
are often matted down to 15 cm. crescents before the easterlies, with sparse 
Empetrum retiring under their lee, while beneath the crumbly lichen carpet 
the leaves of former shoots lie for years without mouldering. Alders and scrub 
willows may be reduced to 70 cm., and even plants of Alectoria Mat, as the 
hardy Pirola grandijtora, can be found under their shade in situations close 
to the ice. But the impression of aridity conveyed by the grey and yellow 
lichens and the dull green of sclerophyllous shrubs is in marked contrast to 
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the luxuriance of the snow drift of the cliff foot, of watercourses, and of 
recessed valleys. Here the birch espaliers attain in diameter or are 

replaced by 1 m. “scrub” patches and the scrub willows, in small coppices in 
tall grass, frequently exceed 2 m. in height. In a river gorge north of Iliilialik 
the scrub was practically continuous along the screes. Almis incana is com- 
monly associated, and specimens still exceed 2 m. at 100 m. altitude, while a 
1-5 m. specimen was found even at 200 m. At Iliilialik the scrub willows, with 
the Archangdim officinalis of the streamlets, and other associates, ascend steep 
south-westerly ledges into the Middle Montane Zone, where the last scrul) 
pockets disappear. But close to the ice, at Majuala, the scrub and its asso- 
ciates, of the dry moss and fern type, appeared to cease in the Lower Montane 
Zone, and the general level of luxuriance falls off again to the wind-swept 
steppe type. In general the “patchwork” type of the subcontinental region 
is replaced by denser growtli of shrubs with more Heath Willows. The local 
types of this n^gime, and their inferred distribution, are as follows: 

Mat,. DiafH'imia Mat Barren: tracen on ( \|K)siirps, (j, (JY). 

Mohh Mat. Khacotnitriiiin-MoHs Mat: rare, on w(*sl(‘rlv ( xposnres, G. 

Ijichcn Mat. AUntoria iMat: (ra<‘(‘H. with first, and <'HHt(‘rlv exposuros, (i. 

Biri h- Liclion Mat : typically floininant, (i; with last, H ? 

('ladina Mat: locally cxn'nsivt*, (i; f^<‘ncrally ho, .1? 

Ihitc'hwork Mat. Ktn]K‘triini-Birch Mat : westerly sIofH's, peiK'ral but rnixcMl. G. (H?). 

Heath Mat. Ix'duin- inrcli Mat : south westerly lees, general, G. 

Herb Mat. (irass Mat: fnapient pockets in favour<*<i sites, (i, J? 

{Scrub. Willow Scriib: fre(pient coppices in favoured sites, (.1?) (PI. Will, phot. 5). 

The subcontimmtal part of the Godthaab sector differs somewhat from the 
type described, as will be seen from the account of it at Isersiutilik on pp. 318 -20. 
But there are greater changes in the Julianshaab sector (51). Towards the 
coast hcfula fflan(/nlosa and Vacrinium uliginosum f. or var. are co-dominant, 
and Salir glatica or hybrids common, in the heath. Willow scrub increases in 
extent, especially inland, while grass mat occupies the less vsheltered slopes, 
in tlie heart of this sector, in sheltered glens, these begin t-o give way to small 
stands of Belida odorala of coppice habit, with Ardhoxanfhunt odoratiirn and 
Hylocoinium spp. added to tlie varied lierb and moss associates. This is the 
latest relict of a past vegetation of a more boreal character, the path of whose 
retirement is marked by the willow pockets extending north for 10° of latitude 
to the upper limit of the Low Arctic complex. The heath is close by, and nearer 
the ice typical lichen variants are extensive or dominant in it. Here, as in 
the Godthaab sector, they have invaded heath and scrub alike. Finally there 
are still found in this southernmost part “fjaeldmark” or Mat Barrens of 
Dryas or Diapensia types in the exposed situations. Thus the appearance of 
the first birch stands of J5. odorala does not necessarily stamp the vegetation 
south of lat. 62 as a distinct type as Holttum implies (39), even with the more 
extensive grass and scrub. Rather it should be said that the changing pro- 
portions of the local types of the Low Arctic complex of vegetation here reach 
Joum. of Ecology XXI 21 
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the point at which they link on with high Boreal vegetation. Spruce (see 
Holttum) will just grow at this point, and the Heath Mat and Lichen Mat 
are about to make the transition to heath-birchwood and Cladina-pinewood 
by which they seem to pass over into spruce forest in subcontinental and 
continental Lapland. The complex in this southern region has been fully 
described by Rosen vinge ( 51 ). Inferences regarding other parts are drawn from 
notes of Porsild ( 48 , 50 ) and from photographs. For allied vegetation in 
Lapland reference should be made to Du Rietz ( 4 ), Ruggles Gates ( 64 ), and 
others. 


(3) (PI. XIX, phots, b and 7). 

The area surveyed by the expedition and the country round it falls under 
the general head of Low Arctic vegetation, but differs from its most typical 
form in that Isersiutilik represents the subcontinental part of the Godthaab 
sector. 

The subcontinental part of the Julianshaab sector has already been re- 
ferred to. Its most typical vegetation is of the patchwork type in which 
mosses and lichens are equally balanced in the ground layer. Of the dwarf 
shrubs Empetnim hermaphroditum and Betula nana are here co-dominant, with 
Ledum Groenlandicum locally abundant, but generally arising in the centre of 
birch patches owing to greater snow protection: Vaccinium uliginosurn f. is 
abundant in the moister parts, and the Vacciniiim forms taken collectively 
are very widely distributed, and may be reckoned as second only to the Betuhi 
and Empetrmn in importance Heath Willows are scattered and Scrub Willows 
only locally plentiful, while generally only isolated individuals exceed a metre 
in height. Of scattered herbs Polygonum vhnparum^ Carex rigida var. concolor^ 
Deschampsia flexuosa, Calaniagrostis Langsdorjfii and Luzula spimta are com- 
monest. 

The cryptogams, very numerous in species, form a close mat of competing 
mosses and lichens occupying the interstices between the dwarf shrub patches, 
covering an area equal to them and sometimes more extensive. IJrepanocladus 
uncinatm and Dicranum spp. are the dominant mosses, with Polytrichurn 
strictum, its var. alpestre, and P, juniperinum common in considerably smaller 
quantities. The smaller mosses, such as Conostomum tetragonum, have been 
ousted by competition except from the poorer heath of exposures, and in the 
Dicranum cushions are found instead numerous small hepatics, Lophozia 
ventricosa and spp., with Ptilidiam ciliare frequently growing on top. Of the 
many conspicuous lichens Cladonia alpestris is the most abundant, other out- 
standing species being Stereocaulon paschale, co-dominant with it in the small 
examples of Cladina Mat found here, Cladonia mitis, C. furcata and var. 
spinosa, while Cladonia spp. with simple podetia, such as C, cocdfera, are 
common but do not form the same close mats : Cetraria spp. are common, and 
especially the mat-forming C. hiasc^ns. 
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Pilot. 7. Slu‘ll('red Lichen Mat: variant of Jhrch-Lichen Mat. but uilh tendeiu'y to Clcidina 
Mat, of which small j^alcli appears in forei^round. Betufn mum in erect bushes at 3 4 yard 
intervals. liolh vegetation and s[)lit erratic boulder show tendenev towards continental 
conditions. Phot, inland of I>ersiutilik. 
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The patchwork type is the most extensive over the typical low fjaeld, but 
on dry plains further in from the fjord, among scattered erratic boulders, more 
continental variants begin to appear, possibly encouraged by greater warmth 
as well as drought. An extensive area was reported by E. M. N., distinguished 
by large, erect brushes of Betula nana^ 2-3 ft. high, usually spaced at 3 to 
4 yard intervals, the interstices occupied by lichens of the Cladina Mat group. 
The other shrubs, and notably Empetruni, tended to grow under the birch 
bushes, and not in patches alongside as in the patchwork type. In similar 
country in the western Ivisat foothills the birches form espaliers of great size 
but are adpressed to the rocks owing to greater exposure, and the plentiful 
Cetraria nivalis among the Cladonia spp. stamps these variants as of tlu* 
Birch-Lichen Mat type. In them Empetrum becomes scarce, Vaccini urn uli- 
(jinosum f. gives place to aliundant var. microphyllutn and Ledum decu/mhens 
replaces L. (hoenlandm^^ The lierbs of the patchwork type diminish in 
numbers, but Eycopodiunt annoLinum var. punyens, llier(jchloe alpina, and 
even Cdiamaenerium angustifoliunt become fre(]uent. Where Etnpetrum does 
come into the open, it is of habit straggling with much dead wood, and herb and 
scrub vegetation are very restricted about wet places, the dry Deschampsia- 
Polypodiiim-Brach^^ ground layer replacing the moister Calarna- 

yrostis-Archangelim squarrosum type which predominated at 

Isersiutilik. 

Greater insolation, with higher temperatures and greater saturation deficit 
than on the coast must lead to greater transpiration losses and more rapid 
assimilation, but, compared witli the typical interior region, reproduction is 
still handicapped for southern species. For example, Juniperus contnnmis var. 
nana scarcely sets fruit except on sunny cliff ledges, helped here, no doubt, 
by the re-radiation referred to under the head of Orographic Variation. Kepro- 
duction in general is a week to a fortnight behind that of the continental 
valleys, but three weeks to a month ahead of the coast lands, though a gene- 
ralisation of this sort must necessarily vary according to the proportion of 
susceptible and late-flowering southern types and of early flowering northern 
types observed. On our arrival in mid-June Enipetruni was alreadj showing 
numerous berries, the lower ones already black, though those nearer the 
growing point were still mostly small and green. From this time onwards 
they turned black in rapid sequence, this ‘'continuous'’ fructification, in con- 
trast to the '‘simultaneous” fructification of the Vacciniums being of the 
greatest importance to the bird population. Other plants setting fruit on this 
date were Bryanthus coeruleus, Pedicularis flammea and the heath and knoll 
willows {glaitca hybrids), the chloroclados group of willows being somewhat 
later and thus having the same reproduction season as at Godthaab. The air 
was pungent with Ledum Groenlandicmn in full blossom, and the Vacciniums, 
especially var. microphyllum, were flowering. During the ensuing month Vac- 
cinium uliginosum var. microphyllum came suddenly into full fruit, the grey 
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willows split their follicles and Pedicularis capsules became brown and ripe. 
The ripening of Vacdnimn uliginosum var. microphyllum and of the few fruits 
of Jwniperus comwMnis var. nana^ together with the falling of Hierochloe seeds, 
took place at least a week later than in the continental region, while the 
flowering of Chamaenerhim angmtifoliurn and the ripening of the sparser fruit 
of Vacciniu7n yliginosmn f. was deferred to the end of July. It is especially 
important to stress the ecotype concerned in making phonological comparisons 
of this sort: for example the races of Campanula grouped here under the name 
of C. OiesecMana flowered in late June and early July in the interior of 
Godthaab Fjord, whereas the scarcely distinguishable races grouped under 
C. rotundifolia in England flower from July to August, despite their more 
favourable climate. One of the chief qualifications of the Arctic ecotype is its 
ability to maintain a continuous and rapid cycle of reproduction before the 
freezing temperatures and semi-darkness of winter reduce it once more to 
complete dormancy. 

Probably owing to greater humidity and snow cover than in the conti- 
nental region the growth of plants here is considerable. Among the woody 
plants, Betula nana for example not only commonly exceeded half a metre, and 
sometimes, in sheltered hollows, a metre, in height, but it grew with a more 
open and erect habit. It is true that in the continental region broad espaliers 
were found on the ground with aerial stems 2 m. long, but these had been able 
to send out adventitious roots from the branches into the accumulated litter 
beneath them. The erect scrub growth of the birch was only common in the 
subcontinental region, and trunks were here measured of 13 and even 16 cm. 
circumference. The root development of these dwarf shrubs is enormous, 
especially that of the birch, whose taproot commonly exceeds 2 m. in length, 
but also those of Ledum Groenlandicum and Vaccinmm uligmosurn f., and to a 
lesser extent of Empetrum. The roots are forced to assume a horizontal position 
owing to the shallow soil of the Low Fjaeld and the dependence of the 
mycorrhiza on humus, so that root-competition greatly accentuates the ten- 
dency to the “patchwork’’ formation at Isersiutilik. In contrast to the dwarf 
shrubs, however, the grey willows and the rare alders of this region seldom 
exceed 1| m. Moisture-loving hemicryptophytes grow to a great height, 
Gramineae and Cyperaceae sometimes exceeding half a metre in luxuriant 
hollows, while Archangelica in this situation is 1 to 2 m., and in one case over 
2 m., in height (PI. XVII, phot. 4). 

The distribution of local types is as follows : 

Open Mat. Diapensia Mat Barren : exposed knolls and cols open to the north east. Limited ; 

generally deflation sites. 

Moss Mat. Rhacomitrium-Moas Mat: rock domes and exposed knolls, especially with 

westerly aspect. Small patches. 

Salix-Moss Mat: late snow hollows; small patches, and limited except in ex- 
posed parts. 

Empetrum -M OSS Mat : lower northerly slopes, and close to fjord. Limited elsewhere. 



C. G. Trapnell 


819 


Lichen Mat. 


Patchwork Mat. 
Heath Mat: 


Herb Mat. 
Scrub. 


Alectoria Mat: exposed knolls, especially with easterly aspect and on talus soil. 
Limited. 

Cetraria Mat: limited on rather exposed northerly slopes, and as small patches 
in the lower heath. 

Birch-Lichen Mat: dry or rather exposed hats, esp^^cially on talus soil. Only 
locally extensive (PI. XIX, phot. 7). 

Cladina Mat: dry, sunny slopes and especially corridor crowns, limited or patches. 

Empetrum-Birch Mat: the dominant type on level ground and generally ex- 
tensive (I’l. XIX, phot. 6). 

Vacciniura Mat: moist corridor floors, especially in sheltered situations. Limited. 

Ledum-Birch Mat: chiefly sunny southerly to westerly slopes and cliff ledge^ 
Limited. 

(irasH Mat: snow-flushed site.s, fuoist sandy situations, or in association with 
H< rub; usually sheltcired. 

Willow Scrub; sholU^red situations, generally on sandy or talus soils in glens 
with abundant but not lat(‘ snow cover. Limited (PI. XVlIl, phot. 5). 


From tlie more detailed summary here given it will be seen that the local 
types, as previously indicated, have collectively a t^lirnatic and individually 
a microclimatie significance, but are also determined ii. their occurrence by 
tin* factors grouped under the head of geomorphology. Some of the more 
restricted types, notably Rhacomitrium-Moss Mat in the untypical form in 
which it is found at low levels here, Vaecinium Mat, and to some extent 
Alectoria Mat, are largely so conditioned, and may be regarded as quasi- 
elirnax rather than climax types from the climatic standpoint. 

It should also be borne in mind that under the influence of tliis combina- 
tion of factors, and particularly in a transition region such as Isersiutilik, 
variants are necessarily common which do not fall direcdly under any one of 
the types individually. Every possible combination is found under the com- 
bined influence of mieroelimate and geomorphology, and two examples are 
given below from field notes. The first is a portion of a preliminary transect 
in which the effect of mierorelief is pronounced : 


Y ards 

Approximate type 

r>o 

Empetrum Birch Mat 

8 

Sedge Bog 

20 

Ledum - Birch Mat 

12 

Rock fjoeld 

2 

Emj)etrum-Mo88 Mat 

25 

Mixed Ledum -Birch and 
Birch -lichen Mat 

75 

Mixeti Emj>etrum-Moss and 
Empetrum-Birch Mat 


I )e tails of variant 

Kmjtetrum. dominant with some Bet ala and heath willows 
Kvioplurruiti angastijoliata with Salix chloroclados asso- 
ciated 

Erect, closed Beiulu and some Ledum GroenUnidicum. 

Licheii-covercd rocks protecting 
C’rustaeeouH lifdiens 
Kmpetram markedly dominant 

Cladinac, BtcreiKuahn and other lichens numerous with 
Heiula, Ledum and scattered hcatli willows 
Ktnpetrum abundant in mixed community with Betula, 
some Ledum and many lit'hcns, as Cludonia spp. 


Tlic second exfiinple, from tin altit-udc ‘tmiiscct a/loii^ a. slioiildcr riinmii^ 
up north-north-west to the main block of Ivisat, will show more clearly the 
interplay of factors, and will at the same time form the transition to the 
montane vegetation which is the subject of the next section. 



320 Vegetation Types in Godihaah Fjord 


Altitude 


ft. 

Conditions 

Vegetation 

2(K) 

Hollows between rock 
domes, aspect S.E. 

Lodum-Bireh Mat with much Cladonia olpeMris: Kmpeirum^ 
Vaminmm, Heath Willows scattered, but flourishing 

300 

Ridge of weatliered rot^k 
domes 

Alectoria Mat, Emjteirutu jiersisting below on north-east 
slope; Saxifraga oppositifolia here 

250 

Streamlet in depression 

Vacciniuin Mat, about bO cm. Heath Mat of reduc(^d Scrub 
Willows 

300 

Shelving southerly slope 

Mixed vegetation with uliginosum f. and Juniper 

on rock ledges, flourishing 

350 

Ridge of weathert'd rock 
domes 

Depression in corridor 
door. (Site of dried out 
pond in the past) 

Exposed corridor crown 

Flanked by Alectoria Mat: first bare patches on crown 

Crass Mat of Calamagrostls and Deschampma among Turf 
Hummocks, flanked by luxuriant Kmpetrum 

Practically bare 

400 

East side of shoulder, now 
exposed to north-east 
winds by gap south-east 
of Ivisat. (Wind now 
E.N.E.) 

Alectoria Mat, but Vttcriniuni f. or var. and Betuhi still form 
low mat in hollows 

450 

Aspect east -north -east 

Increase in lichens, K mpvlnun persisting in numbers, but 
stunted 

500 

Corridor Hour, running 
down south east 

Dwarf Herb Mat, with Salix herhuoea ])rescnt, passing in 
more sheltered parts into normal Crass Mat: I* hie urn al- 
pinum pr(‘8ent. Vaccinum Mat on north side of corridor 

000 

T<.evcl ground; col leading 
to main block 

Hirch-Lichen Mat with some (UilaniagrontU {)ersisting, 
passing into Alectoria Mat with greati^r exposure 

020 

Exfiosed flats, bare lo- 
cally 

Diapensia Mat Barren, with Solorina croeea in bare places 

(>50 

Weathered ridge, aspect 
south east 

Alectoria Mat with Vapriniunt, uliginonuni var. mivrophyllinn 
and Rhododendron La ftfurninini, Siereoca ulon persisting 


This transect was carried up to Ivisat summit; the results, together witli 
those of the other altitude transects are summarised below. 


(4) Oroyrafhic types (PI. XX, phot. 8). 

Mountains. Open herbaceous vegetation of the Polar type seems general 
from tlie lists of summit and nunatak species given by Porsild and cited by 
Warming (53); cf. also Grenfell, Labrador (58), and Summerhayes and Elton, 
Spitsbergen (65), who cite cryptogams. 

H%gh Fjaeld shows great local variation in Godthaab Fjord. To eliminate 
this as far as possible data were taken from ascents of south-westerly slopes, 
representing the optimum development of vegetation, though levels and 
plateaux had to be included. 

(a) Cloudy type. 

Upper Montane Z/one. Open vegetation, diminutive and extremely sparse 
or absent on the windy summit flats, especially so in snow hollows. Luzula 
confusa, Poa glaum, Saxifraga rivularis, S. comosa, Cardamine bellidifolia and 
Oxyria renifornds characteristic phanerogams, or locally Phippsia algida and 
Cerastium trigynum on bare earth. Polytrichum, alpinum and Bryum Oxoniense 
(see Dixon (29)) the dominant mosses, locally the sole vegetation, with Pohlia 
gracilis, abnormal Rhacomitrium fasdculare, Hepaticae (Marsupella apiculata 
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and Anthelia Julacea) and the common lichen Solorina crocea. Other mosses, 
such as Rhacomitrium hypnoides and Conostomum tetragonum occur, but other 
lichens, except for Cetraria and Stereoeaulon spp. and Cladonia pyxidata, are 
negligible. The following local types were distinguished : 

No vegetation. Snow gullies and some northerly exposures. 

Open. Pf)ppy-Herb Barren: traees on ridges, 

Solorina-Moss Barren: dominant on plateaux. 
Luzula-Moss Barron: fretpiont on earth pockets. 
Oxyria-Herh Barriui : areas on slopes locally. 

Moss Mat, more or less o[)en. Salix Moss Mat: traces. 

Lichen Mat, more or less open. Alectoria M'at: poor and traces. 

Notieoable are the peculiar bryophyte population, the absence of Dryas integri- 
folia and Cassiope tetragona and the j^reat scarcity of lichens, even the rocks 
being often naked but for Andreaea rrassinervia, while on the soil beneath even 
algae as Zygnema and diatoms can be found. Tht^ specific composition is one 
of maritime, late snow and Schneetalchen types, and the extremely barren 
appearance probably dm* to wind-packed snow, protecting in winter but 
lasting late. 

Middle Montane Zone. Open Mat where soil allows, but extremely variable. 
Halix herbacea the commonest dwarf shrub, or locally Dryas integrifoUa with 
broad leaves approaching f. intermedia; Vaccinium uligmosmn var. micro- 
phylhim entering, but other shrubs sparse and scattered {E mpetriim , Cassiope 
spp., and Diapensia cliiefly). Sibbaldia procumbens, Lycopodium, alpinnm and 
Polygonum mviparum the commonest herbs, with Poa alpigena, P, glauca, 
Luzida and Carex spp., and locally bright flow'ers as Arnicu alpina, Veronica 
saxafilis and Cerastium alpinum. Ehacomitrium kypnoides the chief of the 
moss(\s which in(iud(* Polyfrichum slrictum var. alpestre f. arclica, Drepuno- 
rladus uncinatus f. and var. orthoihecwides acc., and Conostomum tefragonum. 
The chief lichens are Cladonia gracilis var. elongata, Cetraria kiascsns and 
Lecanora squama ria, but species numerous, including Cladonia pyxidata, C. jim- 
briata, C. rangiformis ( ?), Stereocmdon paschale and Parmelia pubescens ( ?), 
with Solorina persisting on bare patches. Local types: 

0|K*n, Luzula-Moss Barron: mixed variantH frequent. 

Oxyria-Herb Barren: ledges and gullies mixed. 

()|M*n Mat. Dryas Mat Barren: easterly exposures, locally extemsive. 

Diapensia Mat Barren: tra<*e3 in mixed vegetation. 

Moss Mat. Salix-Moss Mat: extensive in valleys or dominant. 

Khacomitriiiin-Moss Mat: extensive on detrital slopes. 

Kmpetrum-Moss Mat: traees in earth pockets. 

Lichen Mat. Cladonia Mat Barren: extensive, especially liigh up. 

Alectoria Mat: poor on soiiie exposed knolls. 

Herb Mat. Dwarf Herb Mat: often extensive in valleys. 

As is natural in passing out of the inferred cloud zone, variants are here 
much mixed, with very many species, especially in the corries, comprising 
elements both of the upper and lower zones and a few intrusions (e.g. Cassiope 
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tetragona) from the more sunny continental highlands. Only the more con- 
spicuous local types are given. Exposure is still sufFicient for hardy species as 
Chamaenerium latifoliuyn to be reduced to 7 cm. in height, and the most 
southern types, as C. angmiifolimn, are still absent. Tjate snow indicators (as 
Salix herbacea, Lycopodium alpinum,, Cassiope hypnoides and even Bryanthus 
eoeruleus^ cf. (68)) are frequent and numerous in species still, and grasses and 
other herbs are generally plentiful, as in the maritime regime of the coast, 
whose appearance is here closely approached. 

Lower Montane Zone, Moss Mat, passing into Open, Liclien, Patchwork 
or even Heath Mat according to aspect and exposure, as shown under local 
types below, with corresponding variations in the chief plants. Salix herhacea 
pt^rsists especially on north slopes, but Dryas integrifolia, Rhododendron Lap- 
ponicuni, Diapensia lapponica and Vacciniiini uliginosudn var. microphyllurn 
characteristic, the last becoming general. Enipeirum and Knoll Willows are 
present, with other lowland shrubs, Enipetrum being tlie commonest of these 
on westerly aspects, but giving place to Vaccinmw and stunted Betula nayia 
to the east and south, while L. decumbens is the less scarce of the Ijedum spp. 
Sibbaldm and associated herbs persist, with Trisetnm spicafum and otlier 
grasses (as Deschampsia flexuosa and Agrodis borealis). Xerophytes such as 
J uncus trijidas, Luzula spicala and Potentilla tridenlala are frequent, and 
Carex rigida, or var., is general. The mosses are Rhaeomitrium hypnoides and 
Dicranum and Polytrichum of the lowdand typ(\ Of the licliens, now^ iHimerous 
and varied, Cladonia gracilis or var. persists and some liumicolous crustaceous 
types {Lecanora tartarea var frigida and Candelariella vitellina var. aurella), 
but Ceiraria hiascens, C. actdeata, Alectoria nigricans, A. ochroleuca, Sphaero- 
phorus melanocarpus and various Cladonia spp. are mort* crommon, with 
Cladonia sylvatica, C. mitis and Stereocaulon paschale of the elements of 
Cladina Mat. The chief local types are: 

Open. Oxyria-Herb Barren: few Htet^p nortlierly sears. 

Open Mat. Cla<Ionia Mat Barren: local patches, now closed, 

Dryas Mat Barren: some easterly talas exposures. 

Diapensia Mat Barren: chiefly hill tops and wind gajis. 

Moss Mat. iSalix-Moss Mat: mixed except in late snow hollows. 

Rhaeomitrium -Moss Mat: chieHy westerly exposures. 

Emj)etrura-Mos8 Mat: chiefly northerly and westerly iocs. 

Lichen Mat. Otraria Mat: mixed on some northerly exposuros. 

Alectoria Mat: hill tops and easterly exposun^s. 

Birch-liiehen Mat: traces on southerly slo[)es. 

Heath Mat. Vacciniurn Mat: westerly corridors and flush 8lo]M>s. 

Herb Mat. Dwarf Herb-Grass Mat: some sheltered pockets. 

Traces of the patchwork Enipetrum -Birch Mat and even of Willow Scrub 
reduced to Heath Mat level begins to appear at lower levels between 100 and 
400 m., ascending higher up the southwest slope of each succeeding hill inland. 
At the same time late snow plants, such as Balix herhacea, and even Bryanthus, 
begin to be thrust round to north slopes, where are found the last pockets in 




JOURNAL OF ECOLOGY 


VoL. XXI, Plate XX 



Face p. 323 


TRAI’NELL- Godtmaab Fjord 


(I O. Trai’NKll 


323 


which Salix-Moss Mat retains its typical ground layer of Dicraninm 7 nolle, 
Bare ground is restricted to the most exposed talus and the latest snow sites 
(Pellia neesiana and diatoms appeared to occupy such a site). Vacciniuw and 
Empelrmn are still generally stunted, Betula 5 cm. to 20 c.m. at most, and 
Ledum decumbens 3 to 16 cm. This condition should be contrasted with the 
corresponding zone of the sheltered Ilulialik slopes described in the following 
section. 

(b) Sunny type. 

Upper Montane Zone. 800 600 m. : open vegfdation on slopes with Cassiope 
tetragona the chief dwarf shrub, and lichens, especially (‘rustac(‘ous types, 
common (E. M. N.). Plateaux more barren, thougli Oxyria and associated 
8chneetalchen herbs (as Saxifraga rivularis^ Raniin(:ulus pygmaeas and the 
maritime ( 37 ) Phippsia algida and Cerastium trigynum) found here on the 
earth of probable snow pockets. 

600 500 m. : much Open Mat, witli Casmrpe tetragona the pliysiognomic 
dominant over much ground; scattered Dr gas integrifolia (some approaching 
f. inter/nedia) and Rhododendron Lapponiruni : sparser Diapensia lapponica ^ 
Vacxinium uliginosiint var. nnrrophyllum (with even th(‘ lowland form entering 
in pockets), and Plateau \\ illows. Salix herbacea, Cassiope hypnoides and 
herbs of the preceding sub-zone restricted to presunu'd late snow hollows. 
Typically tlu* herbs are x(*rophytic, especially on talus knolls (e.g. (■are.: 
nardinay J uncus trijidus, Potentilla nivea, Draba hebecarpa var. norvegica): 
H terochloe alpina is fre(|uent and even (Uilamogrostis accompani(‘s the lowland 
V (tceiniuni in depr(»ssions. The common mosses are Rhacontdrtutn hypnoides 
and Polytrichum alpinutn, but these are less conspicuous than the nunieious 
lichen species, especially Aler/oria o( hroleuca, Sphaerophorus ntelanocarpus, 
(Hadonia utitis and rangiformis of the white tdadinae, with some Cetraria 
hiascens or spp. in depressions. The variants of the lower sub-zone were much 
mixed, representing the following local types: 

()|K*ri. Oxyria Herb Barren: poekets on plateaux. 

lai/.ula-MosH Barren: mixed patehe.s of this tyi>e. 

0[>en Mat. Diya.s-DiafKMisia Mat Barron: frequeiit patOies. 

Cassiope Mat Barren: dominant on 8.\V. .sIojk's (1^1. XX, phot. 8). 

Moss Mat. Nalix Moss Mat: some plaU*au poekets and corridors. 

Khaeomitrium-Moss Mat: local and mixed on plateaux. 

Lichen Mat, Alecturia Mat: large patelies on S.W, slopes. 

Here as in the subcontinental region, Dryas, Rhododendron . Diapensia and 
the Vaxxinium var. attain their greatest frequency in descending order, but 
in this case, there being no cloud zone and less snow, they ascend higlier than 
Empeirum. However, the most plentiful and characteristic dw^arf shrub is the 
Cassiope, whose seed was already mostly shed by the first week of July. It 
showed frequent signs of desiccation, and Mr T. M. Harris informs me of its 
dependence on w^inter snow^ cover under a corresponding regime in East 
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Greenland. Other plants, such as V accinium, are stunted, and the lichens 
numerous but small. Notable absentees were Sibbaldia, Poa alpigena and 
Lycopodium alpinuni of the plants of the Cloudy High Fjaeld, and other late 
snow plants were practically absent from the southerly slopes. The general 
facies is of a dry and stony country, compared by T. G. L. to a Thibetan desert. 

Middle Montane Zone, Predominantly Lichen Mat vegetation, but much 
mixed, as the transition zone between highland and lowland types. Salix 
herbacea persists with Vaccinium, f. or var. in the corridors, but the Cassiope 
has been thrust round to more northerly slopes, and Enipetrum, Betula and 
some Ledum (the last too stunted for field determination) are becoming general 
with the Vaccinium var. on the slopes. Typical herbs are the Hierochloe, 
Trisetum spieatum and Potentilla tridentata^ but a favourable ledge will hold 
surprising lowland species (e.g. Coptic trifoliata, Veronica alpina, etc.). Mosses 
are small and concealed by lichens except for cushions in flushed patches 
which hold the Tojieldia palustris typical in such situations. The lichens arc 
those named above, with more Cetraria nivalis, Cladinae and other Cladonia 
spp., too numerous for full enumeration in the short time available for this 
part of the reconnaissance. Variants observed were of the following types: 

Mors Mat. Salix -Moss Mat; damp corridors onlj'. 

Emj>otrum-Mo8a Mat: restricted or mixed. 

Lichen Mat. Alcctoria Mat: extensive in upper part. 

Birch-Lichen Mat: lower part, mostly stunted. 

Patchwork Mat. Einpetrum-Birch Mat: restricted and untypical. 

Heath Mat. V^acciniurn Mat: stunted, only in turfy corridors. 

Herb Mat and scrub associal-es are present only as scattered individuals, 
the uppermost limit of the typical lowland complex being here placed at 250 m., 
and, as previously stated, lower nearer the ice cap. Comparison should here 
be made with the Lower Montane Zone of the subcontinental region. It may 
also be noted that in this descent we have had a fairly clear “zonation,” so 
far as the term is applicable in Greenland, typified by the series Cassiope Mat 
Barren — Alectoria Mat — Birch-Lichen Mat with less extensive types such as 
Empetrum-Moss Mat, giving a climatic series comparable to that by which 
transition is made from the continental High Arctic to the continental Low 
Arctic. In the present zone, subject to differences in snow cover, water supply 
becomes a master factor, the sun having full effects on the southerly escarp- 
ment. Herbs such as Trisetum are purple with anthocyanin. The late snow 
types disappear, Oxyria finding its last stronghold (with Arabis alpina) at the 
moistest cliff foot, where the snow must lie longest, and Salix herbacea similarly 
disappears in the moistest gullies. In the low heath” Betula, Vaccinium and 
Ledum spp. are still stunted, but the full Low Arctic complement of species 
is entering. 

Lower Montane Zone. There is little difference here from the normal conti- 
nental Low Arctic. The greatest luxuriance was found on the south-westerly 
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slope, where descent is made from the beginnings of Empetnim-Birch Mat 
found in the last zone, through shelves of Ledum-Birch Mat to Willow Scrub 
pockets standing in tall Calamogrostis and other grasses, such as Poa alpigena. 
Especially down the sheltered gorges, the grass shelves are refreshingly green, 
with rare southern plants such as Pirola secunda and HaheMaria alhida among 
the numerous associated herbs. The tops of th(‘ willows and alders are often 
out of reach overhead. But on easterly escarpments, and especially on the 
upper shoulders of the dry silt terraces, the complex changes back to the 
steppe type, and transition is made from l^irch-ljichen Mat, to deep Cladma 
Mat, with stunted shrubs and a few xerophytic herbs such as llierocMoe. The 
flats beneath are intermediate in character between the two aspects described 
in tliis paragraph. 

(5) Lowland physiographic types (PI. XX, phot. 9, PL XXI, phots. 10, 11). 

Low fjaeld. The observations (uted hitherto refta* to rocky substrata, so 
that little comment is called for under this head, except as regards the plants 
of the prisere. The heavily denuded gneiss here usually provides a compara- 
tively water-retaining surface, with little mineral soil, favouring numerous 
partially lithophytic mosses such as rthaeomitrinni hypnoides and Dieranum 
elongatum. On the drier exposures various chasmophytes, as Saxifraga^ aizoon 
and spp., Cawpannhi GiesechiaNa and Woodsia ilvensls, are common, while 
the rock surface is covered by numerous crustaceous lichens (Lecanora, Rhrzo- 
carporiy Acarospora and Lecidea spp.) and Gyrophora hyperhorea. Between the 
rock exposures a thick raw humus soil is developed, 18“'2()cm. deep in the 
heath, and this is favoured by the dwarf shrubs, notably by Ewpetrnm., but 
idso by Faccixiaai idiginosaoi f. and Betula nana. 

The probable normal succession is from litlioplivtic lichens to mosses, 
notably the turf-building Phacooiitrianf Lypnoides and Dicranuni spp. : these 
become densely encrusted with licliens, especially Cetraria, and later Cladonia 
spp., C. sylvatica and C. alpestris being among the first of the Fladinae to 
appear. The whole moss slab, with its embedded hepaticae, is thus killed, and 
provides the turf in which the lichen or dwarf shrub cover develops, Pohha 
and Polyirichum spp. persisting in the cracks of the lichen slabs, and Drepano- 
cladus uncinalus under the dwarf shrubs. In the case of willow scrub the 
succession is of a more hygrophytic character. Where exposures of softer rock 
have been left, fissured to talus by the frosts, the soil is drier and stonier, the 
lichens increase, and chomophytes such as Pofentilla tridenUita and Jnnciis 
trijidus are common. The normal succession is in this case from few lichens, 
chiefly Alectoria spp., and chomophytic herbs such as Silene aeamis, to mixed 
lichen mat in which Alecioria, Sphaerophorum and Cetraria spp. overrun the 
few small mosses (PoJilia and Polytrichnm), Cladonia mitis and Stereocaulon 
paschale being among the first elements of Cladina Mat to appear. Of the 
dwarf shrubs, Vaccinivm idiginosum var. microphyllum enters early, and in 
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more favourable places, Betula nana. But the hard gneiss is the normal sub- 
stratum, and as it restricts the downward growth of the roots of the dwarf 
shrubs (which are frequently 1*25-1*75 m. in length), a spaced growth and 
the formation of patchwork heath are encouraged. 

Silt terraces. From the lithosere with cryptogamic pioneers we pass through 
the intermediate chomosere to the silt seres with a herbaceous prisere. In the 
terrace areas the chomoseral type is represented only on sandy river gravels, 
the wash-out of the terraces, where Stereocaulon deniidatuin, Rhacomitrium 
canescens and some other mosses, and herbs such as ChamaeMermrn latifoliurn 
and Artemisia borealis are among the pioneers, and Carex rigida var. concolor 
becomes common. But on the normal terrace the pioneers are herbs, the 
eroded slopes having much Potentilla tridentata with Jmicus irifidus on tlie 
sandier parts and Rumex acetosdla, Poa glaiica, Trisetum spieafiim and Chamae- 
nerium spp. About or on the polygons of the more clayey terraces Equiseturn 
arvense is the pioneer, and is a recognised clay-tolerant species. Other Equi- 
set-iim and J uncus spp., especially J. castaneus, and sedges, especially Carex 
capillaris, and Pedicularis euphrasi aides are characteristic of the species which 
follow. Equiseturn sylvatieum and Carex capillaris persist in heath subject to 
polygon disturbance, and in such ground the (Tvptogams are poor or dis- 
couraged, with the exception of Aulaconmiuni turgidum^ Pohlia ciicuUata and 
Peltigera rufescens. 

It appeared that the disturbances of the ground or the amount of (*lay in 
the baked surface soil prevented succession from advancing very far beyond 
the herbaceous prisere, there being little accumulation of humus. In the 
climax, in the absence of maintained polygon processes, as on the sandier 
terraces, the lichens are generally dominant, the deep percolation drainage, 
and exposure of the flat surface to winds, leading to drought and shallow 
snow, and favouring lichens by comparison with the dwarf shrubs. In the 
Cladina Mat, Stereocaulon paschale and Cladonia mil is are the chief species. 
Betula nana tends to be restricted to the snow-catching aligned depressions 
attributed to solifluctioii curves, except where the terrace is sheltered. Here 
again the humus layer is shallow and ill-decomposed, and it is probable that 
its average depth on these terraces is only 5 7*5 cm. The colluvial mineral 
soil beneath discourages Empetram^ but Vaccinitim uliginosum var. micro- 
phyllum and Ledum decumbens remain fairly frequent, and grasses such as 
Hierochloe are encouraged. Moreover, where snow cover and water supply are 
adequate, the various willows and the alder are greatly encouraged, and if 
conditions do not allow of scrub, there is generally a quantity of heath willows 
in company with the other dwarf shrubs, the glauca types predominating in 
the hybrid population. The one example of pure alder scrub seen had arisen 
at the foot of an eroded terrace. Taking the terraces seen as a whole, it may 
be said that Birch-Lichen Mat of a poor or mixed type is characteristic, but 
that Cladina Mat, often unmixed, is the more extensive on the sandier and 





J’liot. lo. I)rnina|»i.‘ J:>asin: area of turf luimiuoeks ( )verl\ inL; cl('ti'itiis )vs and riverine 
gravads. Wicciniitni Mat dominant, Salix chlayoclados in Hh* runnels and some hybrids w ith 
5. ^lauca on the hummocks. Flowers of ClKunacncriitni latijoliimi indicate gravelly 
substratum. 



phoi. ir. (]. u. i). c. 


Phot. ir. Sinking Shoreline: Elymiis arenarius var. viliosus growing on edge of subtidal 
zone, on former heath turf partly overturned by ice-thrust. Inside to the left Fc silica nihra 
is dominant in the neutral zone. 

TKAPNEFJ. — Godtiiaab Ftord 
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more stable terraces, and here attains its maximum development, as was also 
noted by Rosenvinge in the south ( 51 ). 

Drainage basins. The pioneers in the hydrosere are numerous diatoms, 
Navicula mridis vars., Tabellaria flocculosa and Eunotia arcus being the most 
general, together with other lesser algae of which the genera Cosmarium and 
Sta^lrastrurn are dominant. Significant of the small influenc^e of the climatic 
factor on this group is the fact that, except for fewer and smaller individuals, 
the diatoms of the Upper Montane Zone of the continental region differed 
from those of the lowlands in only one point, the greater relative frequency 
of Navicula borealis, exactly as noted by West for Scottish mountains ( 71 ). 
In either case Zygneiina spp. are the larger algae on stones, with Drepanocladus 
uncinatus associatefl alike in Upper Montane snow pools and in Maritime and 
Low Arctic lowlands. In the lowlands the variety Jluitans of this moss was 
common, with Calliergon sarmentosum or its rarer variety pseud ostramineiis, 
while Hipjniris vulgaris was the commonest of the aquatic plants in either 
region in permanent ponds, with Sparganvurn hyperboreum in drying ponds. 
But in the bogs, while Drepanocladus scorpioides and spp. are generally the 
dominant mosses, the Eriophorum spp. vary. 

In the Upper and Middle Montane Zones of the snbcontinental region, and, 
curiously (uiough, on manured ground in the Maritime Arctic coastlands and 
in tlie silt terrace bogs, the Arctic E. Scheuchzeri is regular, whereas both 
Maritime Arctic and the otlu'r Low Arctic bogs in Godlhaab Fjord have the 
more southern E. angiistifoliuni. It would appear from this tliat E. anqusti- 
folimn, as also Empefruni and some other dwarf shrubs of the heath, cannot 
stand a mineral or nitrogen-rich soil, and that the arctic specnes is thus enabled 
to replace it in such situations. The other sedge associates in the lowlands an* 
Carex rarijiora and Scirpus raespifosus, but all these are commonly reduced 
to 5 15 cm. in height on tlie coast, as against anything up to 75 cm. in the 
interior. Ulose to the coast Carex rarijiora may form a kind of moor in 
association with Halix chloroclados, which flourishes here, or the two may 
grow on turf hummocks with the willow on the south side of each hummock. 
Inland and away from the shore Carex rigida var. concolor is a common 
associate of S. chloroclados in such situations, especially on a substratum of 
alluvial sand. 

As a later stage in the succession, Vacciniuni nliginosuni f. and Drepano- 
cladus uncinatus or spp. form a common covering of the turf hummocks. 
Finally the higher and drier hummocks are crowned each by about two plants 
of Belula nana, often with a bush of Ledum Groenlandicum arising in the 
middle, while the Vaccinium is relegated to the sides and the Salix to the 
interstices of the hummocks. But this further development, and also scrub- 
crowned hummocks, are only found in the more favoured interior of the fjord. 
It must be remembered, too, that the majority of the hummock systems have 
not arisen by any rapid successional process, for the cores of the hummocks 
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are composed of a peat which pollen analyses show to date right back to the 
warm “post-Glacial” period, and that the reconstruction of any primary sere, 
in a country with a climate and history as chequered as that of Greenland, 
is at best a hazardous undertaking. 

Shoreline. The submerged algae of the salt water were not studied, but 
reference must be made to the extensive beds of Zostera marina found in 
about a metre’s depth of water on silt shoals arising from the erosion of the 
Kugssuk terraces. The plants were much encrusted by the bryozoan Uippothoa 
hyalina, and appeared to have no algal associates. Indeed the outfalls of the 
terrace streams appeared to be devoid of algal life, being clouded with sus- 
pended silt (cf. (51)), though the upper parts of the shoreline here showed 
consocies of Juncns arctic us and Triglochin maritimum. 

On the normal shoreline the three zones noted are more pronounced. 
Piiccinellia phryganoides is the common species in the tidal zone on sand or 
mud. The subtidal zone on these substrata has an association of Carex glareosa, 
often dominant, Triglochin maritimum and Potentilla egedii, Elymus arenarius 
var. villosus entering also on sand or on turf overturned by ice-thrust (PI. XX I, 
phot. 11), while Plantago borealis and Stellmia humifusa are found among tlie 
rocks. In the neutral zone are found on mud Bryurn acxitiusculuml (see 
Dixon (29)) and Carex rariflora with some of the halophytes, on sand generally 
Festuca rubra^ in rock crevices Sedum rosenm and Saxifraga decipiens, and in 
the marginal heath turf Calamogrosfis Langsdorjjii and scattered patches of 
Cornus suecica and Lornatogonium rotatum. These observations apply parti- 
cularly to the Kugssuk inlet. Further up the fjord the water becomes sweeter 
and the plants here (uted for the tidal and subtidal zones tend to disap|)ear, 
till at Majuala the Elymus was the only plant of halophytic tendencies noted. 
Throughout, where the rocks are steep, there is a naked band at high water 
mark kept free of algae by ice-scour or a late-lasting ice-foot. 

IV. Summary. 

1. The vegetation of (Todthaab Fjord is described in relation to that of 
other parts of West Greenland, and with special reference to an area intensively 
surveyed about Isersiutilik. 

2. The fjord is divided between two main climatic ‘"regimes,” with 
Isersiutilik occupying an intermediate or subcontinental position : 

Maritime Arctic. Coastal region with cool, humid, foggy or cloudy summer : 
much snow, but exposed to sea winds: delayed thaw. 

Low Arctic. Continental region with warm summer and strong insolation, 
but with greater temperature extremes: shallow snow driven by strong 
easterlies: rapid and early thaw accelerated by “foehm” winds. 

Isersiutilik. Subcontinental Low Arctic, with warm, semi-humid summer, 
sunny, with local cloud regions; moderate snow and variable winds, at least 
in summer: thaw probably rapid. 
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The highlands are grouped into a cloudy type in the maritime or sub- 
continental regions and a sunny continental type. 

3. The influence of climate is paramount, the dominant factors being held 
to be (a) insolation and snow duration and (h) snow depth, the variations in 
water supply associated with the latter factor also being important in the 
continental region. But owing to the great local variation in these factors 
produced by microrelief, and to other geomorphic influences, there is no one 
climatic climax in any one region. In its place there is a complex of variable 
local types. 

4. If hydroseral and haloseral vegetation be excluded, the direct influence 
of physiographic factors is slight, the underlying rocks all belonging to one 
geologic system. There is, however, a tendency for the vegetation to become 
progressively more continental in character as transition is made from the 
local types of denuded gneiss to those of talus, sand and silt. This effect is 
most marked on tlie silt terraces, which carry the most pronounced type of 
continental lichen vegetation, but the more clayey examples have also a 
number of plants such as Eqimetam arveuse and (Jarex (xipiUariH particularly 
addicted to them. 

5. From a comparison of climatic and orographic types of vegetation it 
seems that the regional types, here and in other parts of (Treenland, fall under 
the following heads: 

Open vegetation predominantly herbaceous with Papaver nudicaule, Luzula 
confusa, Oxyria reniformis, Saxifniya spp.. etc., or with RhaxomUri hypnoides 
and other smalh^r mosses such as Polytrichum alpinum, Brjpim and Pohlia spp., 
and few lichens such as Alectoria and ('etraria spp. or Solorina crocea. This 
open vegetation is Polar or Maritime High Arctic or High Montane in distri- 
[)ution. 

Open Mat vegetation with various dwarf shrubs, such as Dryas infeyrifolia, 
or more extensively, Cassiope felrayoua: less extensive, Rhododendron Lap- 
ponicuiH, with very various scattered herbs including xerophytic grasses, such 
as Poa ylauca, and Luzula or Carex spp. with some small mosvses as Dicraniun 
elongatuni vars., Polytrichum and Pohlia spp. and Conostomuw tetragonurn. 
These are generally obscured by lichens, especially Cetraria and Alectoria spp., 
with various Cladonia spp. present. The mosses and lichens are fewer and 
Rhacomitrium hypnoides is more plentiful under cloudier regimes nearer the 
coast. The Open Mat type has on the whole a High Arctic and Continental 
Montane distribution. 

Moss Mat, The dominant mosses are Rhacomitrium hypnoides or Dicranum 
spp., as Z). molle and D. elongatum and other species found in Open Mat. 
Lichens are rare, wdth the exception .of Cetraria hiascens. The chief dwarf 
shrubs are Empetrum hermaphroditum or Salix herbacea, with Vaccinmm 
uliginosum f. or var. often associated. Herbs are plentiful, including Carex 
spp., and especially grasses, as Deschampsia jlexuosa^ Festuca ovina var. or 
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Agrostis borealis and Trisetum spicatum.^ with various late snow species such 
as Sibhaldia procumbens. Distribution, Maritime Arctic, or Low Montane in 
cloudy regions. 

Lichen Mai, The lichens are especially Cladonia miiis, C, alpestris and 
Stereocaulon paschale. Mosses are scarce except Pohlia nutans and Polytrichum 
juniperinum , Bet ala nana and YacrAniam uliginosurn var. rnicrophyllum are 
the chief dwarf shrubs; Empetrum is scarce and L. dec/amhens is the chief 
species of Ledum. Herbs are scarce except a few xerophytic Carex or Luzula 
spp., and the characteristic grass Ilierochloe al/pina. Continental Low Arctic 
in distribution, or Low Montane in sunny regions, and encouraged by dry silt 
terraces. 

Heath Mat vegetation of Ledum Groenlandicum, Betula spp., or Vaccinium 
uliginosmn f., with scattered Salix glauca hybrids and scattered herbs in- 
cluding grasses such as Calaniogrostis Langsdorffii, Poa alpigena, etc., and occa- 
sional southern species as Hieracium Uvidorubens. Moss undergrowth of 
hypnoid types, such as Drepanocladus uncinatus and Hypnum Schreberi. 
Lichens are typically scarce with the exception of a few Cladonia and Peltigera 
spp. This vegetation is not widely represented, and only occurs in more 
favoured places. It appears to be subcontinental Low Arctic in distribution, 
and links on with the scrub and forest ecotone of Eurasia and America. 

The species cited in the above characterisations are only examples of those 
which seem important from the present survey, and typical of the physiognomy. 
The vegetation forms given are not regarded as finally defined but are in- 
tended to show how the classification, treated from the standpoint of climatic 
regimes in the body of this paper, may ultimately be put on a simple physio- 
gnomic basis. 

(). The local types are a replica in miniature of these major types, for both 
the latitude gradient of precipitation or snow depth, and temperature total, 
and the fjord gradient of insolation, snow duration and temperature maximum, 
are reproduced in the differences resulting from changes in aspect and ex- 
posure according to microrelief. This may be seen by a comparison of the 
following regional and local types in Godthaab Fjord: 


Kegional vegetation forms 

Local types' 

Open vegetation 

Poppy- Herb Barren 
kSolorina-Moss Barren 
Oxyria-Herb Barren 
Luzula-Moss Barren 

( )j)en Mat 

Dryas Mat Barren 
Diapensia Mat Barren 
Cassiope Mat Barren 

Moss Mat 

Halix-Moss Mat 
Rhacomitriura-Moss Mat 


Empetrum-Moss Mat 

Lichen Mat 

Alectoria Mat 
Birch-Lichen Mat 

Cladina Mat 

Heath Mat 

Vaccinium Mat 
Ledum-Birch Mat 
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These may be treated as typical local vegetation forms of the regional types 
referred to above. The detail of local effects will be given in a subsequent 
paper on Isersiutilik, but the distribution of the dominant local types in the 
fjord and altitude gradients are summarised in the diagram below: 
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Distrifmtion of local in Oodlhaab Fjord. 

Special types, such as the tlush conditioned Oxyria-Herb Barren, Dwarf-Herb Mat and 
(trass Mat (which may be varied in their origin apart from dependence on snow water), and 
less understood types such as Cladonia Mat Barren and ( etraria Mat, are omitted here; but 
their microclimatic and soil re(piirements will be dealt with in a later paper. The lines indicate 
the principal transitions found between the local types in the altitude and fjord gradients. 


No attempt is made to show an exact altitudinal zonation, for it was found 
that the point at wliich a given transition might take place fluctuated by as 
much as 3(X) m. according to asjtect and exposure. It will be seen that the 
altitudinal gradient of vegetation types bears comparison with the latitudinal 
gradient. 

The terminology of local types is not treated as a final one : for example 
it is possible that Alectoria Mat might elsewhere be found to have Sphaero- 
phorum or Vaccinium more important, or that it wouW be better to speak of 
Empetrum-Cetraria Mat and Vaccinium-Birch Mat. Such points require in- 
vestigation by subsequent expeditions in other parts of the Arctic. Subject 
to possible corrections of this sort it will be seen that regional and local types 
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in combination provide a means of mapping climatic regimes in regions where 
the maintenance of meteorological stations is difficult and their sampling 
error large. 

7. It is shown that the area round the expedition’s base at Isersiutilik 
represents an ecotonc between Moss Mat and Lichen Mat with tendencies 
towards heath mat. It has therefore a very large number of local types re- 
presented producing very complex vegetation, but making the locality an 
exceptionally good one for an intensive survey of a biocoenose representative 
of the western land belt as a whole. 
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Kn urui palahra^ esch<< llano.s^ que Humboldt nos pinto mmo unifonnes f;n su aspeclo, 


ofrecen infinitas variaciones m su ynisma monotonia . Pititer, 1920, p. 18. 

1. Introduition. 

In the course of recent entomological field-work on behalf of the Imperial 
Institute of Entomology and the Empire Marketing Board my wife and I 
had the good fortuin* to follow the route of Humboldt and Bonpland not only 
in the northern part of Venezinda but also south across the llanos, those ex- 
tensive plains so much described but so little known botanically and ecologi- 
cally. Perusal of the available literature, cited at the end of this paper, and 
discussions with Dr H. Pittier of (/'aracas, whose MManuai de las Plantas Usuales 
de Venezitela is invaluable to the visiting naturalist, sliowed that the com- 
position of the llano vegetation is almost entirely unknown. Pittier writes 
( 1920 , p. 16 ) that the descriptions of the llanos by Humboldt, Codazzi and 
Sachs are concerned chiefly with the physical aspect, so that we remain in 
almovst complete darkness as to the details of their flora’’ (translation). In 
1929 (p. 456 ) he states that “we know scarcely a dozen species from the 
Lower Llanos, including the few recognised along the Orinoco by previous 
travellers” (translation). This must be my excuse, as an entomologist, for 
venturing into the field of pure plant ecology. It should, however, be men- 
tioned that I was intensely interested in the grass associations as supplying 
alternate and primitive hosts for the sugar-cane borer (DkUraea saeckaralis) 
and other cane pests. For the rest I made such observations as my botanical 
knowledge and the time available allowed. 
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I am deeply indebted to Dr H. Pittier for much kind help and advice, in- 
cluding the determination of some of the plants and the submission of others, 
especially grasses, to the U.S. National Herbarium. For other determinations 
I am alone responsible. Dr A. Jahn generously allowed us to use his magni- 
ficent library of works on Venezuela. 

It should be strongly emphasised that the aspect of the llanos here 
described is that of the dry season — the long dry period which, in opposition to 
the general rule, the Venezuelans call ‘‘summer” (verano). 1 was in the llanos 
at the end of December (1930) and the beginning of January (1931)— thus 
well in, but not at the height of, the dry season (November to April). 

IL Itinkrary. 

The route, which may be picked up easily on any map of Venezuela, led 
from Caracas in a westerly direction almost to the eastern end of the Lake of 
Valencia, and then southward through Villa de Cura, San Juan de los Morros, 
Ortiz, and Calabozo to our de^stination, San Fernando de Apure. There is 
now a magnificent road to Valencia, and a good one to (^alabozo; but thenca* 
southward a car can go only in the dry season, and then with considerable 
difficulty, “shimmying” for many miles over sun-cracked dried mud, with 
no well-defined way. Humboldt and Bonpland, 130 years before, and Sachs, 
some fifty years ago, took essentially the same route. Pittier (1929) followful 
it as far as Calabozo. Schimper seems only to have touched the edge of the 
llanos, but I know practically nothing of his itinerary. 

JU. Historical. 

The earliest account that 1 have seen of the llano vegetation is that of 
Lope de La Puebla, who journeyed up the Orinoco and the Apure in 1521 
and founded San Fernando de Apure, still one of the chief towns of the llanos. 
Albeniz de la Cerrada (p. 228) describes the explorers’ impressions on landing 
opposite the future site of San Fernando de Apure and pushing northward 
over the great plains : 

“Crossing the bare silt at the water’s edge, they entered the zone of high 
grass. The horsemen were almost hidden in the sea of vegetation, which pre- 
sented the greatest obstacles to their advance. It took all the strength of 
the horses to push a way through the thick growth of interlacing stems, 
tangled inconceivably, as though this was the first time that the agitations 
of man had creased a furrow in that millennial calm, under the impassible 
serenity of those skies” (translation). 

As we shall see later, this is a graphic description of the zone of Paspaluni 
fasciculatum, which La Puebla, from internal evidence in Albeniz’s account, 
saw considerably later in the dry season than ourselves. 

The chronicler goes on to state that had Nature clothed all these extensive 
plains with such vegetation the horsemen might just as well have turned back 
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to their ships. They came, however, into country where the grass was of a 
different kind ‘‘that is to say, shorter and less dense.” This was a region of 
lagoons and ponds. Later they found extensive palm groves, and everywhere 
they noticed the absence of stones. 

But the manuscript of Maestre Diego Albeniz de la Cerrada was only 
recently published, and the first to introduce the llanos to European readers 
was Humboldt, whose classical description is well known, and still remains the 
chief source for physical data. He writes, “all around us the plains seemed 
to ascend to the sky, and the vast and profound solitude appeared like ar 
ocean covered with sea- weed.... Through the dry mist and strata of vapour 
the trunks of palm-trees were seen from afar, stripped of all their foliage and 
their verdant summits, and looking like the masts of a ship descried upon the 
horizon.... There is something awful, as well as sad and gloomy, in the uniform 
aspect of these steppes. Everything seems motionless; scarcely does a small 
cloud, passing across the zenith, and denoting the approach of the rainy 
season, cast its shadow on the earth. I know not whether the first aspect of 
the Llanos excite less astonislnnent than that of the chain of the Andes” 
(2, 84, 85). 

There is little that Humboldt records of the vegetation. He notes (p. 105) 
tliat the llanos he traversed were principally covered with the following 
grasses', Killinfiia monocephala, K. odorata, Ce.uchnis pilosus, Vilfatenacissima, 
Andropogon plnmosinti, Panicunt micranthiuh, Poa repens, Paspalum lepto- 
sfachyunt, P. conjtfgatnnt, Aristida recnrvaia. This must be regarded rather as 
a colle(*tor’s list than a catalogue of dominant species-. “Mingled with these 
gramina some plants of the dicotyledonous class are found; as turneras, 
malvaceae, and, what is very remarkable, little mimosas with irritable 
leaves....” He mentions the occasional occurrence of solitary llanera palms 
and groves of this tree mingled with a species of Rhopaia (op. cit. p. 106). He 
describes also the grouf)s of moriche palms which flourish 

in the w’etter areas. 

Mendoza, in 1846, published a sociological study of the llanos, in which 
the physical and biological data were taken almost entirely from Humboldt. 

Ramon PAez, son of the celebrated general, w ho was educated at Waterton’s 
old school in England, made the acquaintance of that naturalist and was 
inspired largely by Waterton’s W anderings to write, on his return to his 
native plains, a book on the llanos (see References) which was first pub- 

^ Killhigia (KylUMja) is, of oovirae, a sedge. 

2 Thus, for iurttance, ho says “at tlii-s [dry] season, near Calabozo and San Jeromi' del Cirital, 
these grasses scarcely attain tlie height of nine or ten inches. Near the banks of the Apui’c and the 
Portuguesa they rise to four feet in height, so that the jaguar can conceal himself among them, 
to spring upon the mules and horses that cross the plain.” In these two cavses it is entirely different 
grasses which are cone^rnod, the dense high beds of the Apure and Portuguesa consisting, at 
least at tliis season, almost exclusively of F(u<p(ilum fa^sinculatitm, which apparently tloes not 
occur near Calabozo. 
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lished in 1862, in English. There is much that is purely anecdotal in the work, 
but it does present an intimate picture of the pastoral life of the llanos. 

C. Sachs, the physiologist, made a stay of some months at Calabozo to 
study the electric eel, on the spot where Humboldt made his classic observa- 
tions. Sachs (1879) published a book which contains little detailed informa- 
tion on either the fauna or the flora of the llanos. There is a good figure of a 
Copemicia palm enveloped by a strangling fig {Ficus) as described below. 

Schimper (1898) describes the llanos as “usually a typical savannah, in 
some places with very scattered trees, in others with more densely crowded 
trees. According to my own observations, high forest occurs as fringing forest 
along the water-courses ; savannah forest occurs at the foot of the Cordilleras 
on the coast, pari passu with an increasing rainfall, and also in moist de- 
pressions in the ground, in the same way as in the campos.” I cannot agree 
that the forest fringing the llano-side of the coastal Cordillera is well called 
“savannah forest,” nor is there any evidence that the rainfall there is greater 
than in the llanos themselves, but rather the reverse, as indicated by a fre- 
quent transition into quite arid thorn forest. 

Warming (1909, pp. 297, 298) describes the llanos as a special type of 
savannah, where trees are few or even wanting, “save in the moistest places, 
where palms, including Mauritia flexuosa and a species of Corypha, together 
with other plants, give rise to forest, which does not itself really belong to 
savannah....” This is slightly misleading in that the Corypha {Copernicia 
lector um) does not grow in the moist places, and must be regarded as almost 
an essential element of the typical llanos. 

Pittier gives to the geographer, Codazzi (whom I have not had an oppor- 
tunity to consult), the credit of noting that the term “llanos” includes 
savannahs of many diverse types. Pittier himself (1920, 1926, 1929) has 
stressed our ignorance of the elements of llano vegetation. In his own expedi- 
tion to the llanos (1929) he paid most attention to the flora of the fringing 
forest. 

Bews (1929, p. 294) refers to the scarcity of ecological information con- 
cerning South American grasslands. He is inclined to refer the Venezuelan 
llanos to the bunch-grass type of savannah. As we shall see later, the llanos 
include, however, not only both tall and low bunch-grass savannah but 
also true high-grass tropical savannah, at least near the Rivers Apure and 
Portuguesa. 


IV. Physical features and climate. 

The physical features and climate of the llanos have been described at 
considerable length by Humboldt and by Sachs. 

These vast plains are entirely of Quaternary and alluvial formation 
(Shanahan, 1927), the soils varying from gravels to silts, approximately as 
one passes from north to south. The total absence of stones in the lower llanos, 
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'‘en ujia extension de mis de doscientas leguas castellanas,” was a cause of 
great wonder to the first Spanish explorers in 1521. 

The elevation of the llanos is in general no more than 250 -300 ft. above 
sea-level (Humboldt, 2, 88). The altitude of Calabozo is 100 m., and that of 
San Fernando de Apure, 73 m. 

The most marked climatic feature is the very long drought-stricken season 
(November to March) rendered still more detrimental to vegetation by the 
dry north-east wind. The rainfall is not high, that of Calabozo being 48 in. 
and that of San Fernando de Apure, 50 in. (Sifontes, 1928), but it is concen- 
trated in the wet season, which is rendered still wetter by the wide inundations 
from the great rivers, the Orinoco and its tributaries, whicli, abruptly every 
year, change the means of transport over vast areas from horseback to boats. 
At this time, according to Humboldt (2, 139) '‘the horses that wander in the 
savannah, and have not time to reach the rising grounds of the Llanos, perish 
by hundreds. The mares are seen, followed by their colts, swimming during 
a part of the day to feed upon the grass, the tops of which alone wave above 
the waters.’' Unfortunately few naturalists appear to have visited the llanos 
in the wet season. 

Schimj)er (1903, p. 277) describes the llano climate as one hostile to wood- 
land. He says there is a quite rainless season of five months, during the greater 
part of whicli the dry easterly trade wind blows almost continuously and 
usually with extreme intensity, and is associated with great heat and dryness 
of air. Such a dry season, he remarks, is unfavourable to woodland but does 
no harm to dried-up firairie whose existence is maintained only by the roots. 
And according to Humboldt it rains continuously during the rainy season, 
thus favouring grassland, wliich depends on very frequent showers. 

V. Approac h to the lt.anos. 

In the southern foothills of the Coastal Cordillera there has been mucli 
clearing and modification of the vegetation by man and stock, particularly 
in the valleys. Some of the hilly oj)en coiintry is, however, original and 
typical Andropogon-Curatella savannah, varying from open grassland to Cnra- 
tella americana L. in ‘‘orchard ’ formation. South of San Juan de los Morros 
one passes through large continuous areas of a low open type of forest. Some 
of this is definite thorn forest, with Acacia macracantha H. and B. dominant, 
but the larger area, consisting of taller, now largely leafless trees, approaches 
more to a monsoon type. The rainfall, of wliich there are unfortunately no 
records, can only be about 40 in., thus falling much below that required for 
monsoon forest in Schimper’s definition (70 in.). It agrees better with his 
savannah forest, to which, indeed, he actually refers it (1903, p. 352), but I 
consider the term very misleading, since none of the typical savannah trees 
or shrubs, such as Curalell^, Bmcdichia and Byrsonima arc present. It is 
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probably best to follow Troup (in Tansley and Chipp, p. 292) and cgjl this 
merely “deciduous forest” until a better classification can be drawn up. 

A few miles south of Ortiz the country begins appreciably to flatten out 
towards the south. One specimen of the llano palm, Copernicia tectorum. Mart, 
appears in the still continuous low deciduous forest. These palms rapidly 
become numerous. Another mile or so and the real plains begin, but the view 
is shut in by the now much lower deciduous bush, which occasionally gives 
way to open grassland scattered either with thorn bushes {Acacia macracantha 
H. and B.) or with llano palms. At El Sombrero, where one crosses the River 
Ouarico, one still has a wide view, from the high river bank, of almost con- 
tinuous low deciduous forest in every direction. Along the river itself, probably 
owing to clearing and grazing, this is replaced by Acacia macracantha. 

VT. The higher llanos (El Sombrero to Calabozo). 

South of El Sombrero the road continues through the same type of 
deciduous forest, now all leafless, but brightened by the magnificent yellow 
flowers of an abundant tree, Cochlospernmm vitifolium Willd. This is flat 
country which, after some miles, gives place to an undulating landscape 
clothed in savannah vegetation, dominated by the grass, Cymbopogon rufus 
Rendle, with scattered small trees of Ciiratella americana L. and Bowdichia 
virgilioides H.B.K. On the plains once more, which we hardly leave again, 
these low trees are spaced less widely to form parkland, which, however, is 
replaced after some distanc.e by the low continuous deciduous forest marked 
by Cochlospermum. 

After a further stretch of Cymbopogon-Curatella-Bowdichia savannah, wide 
grass plains appear, much grazed, almost imperceptibly undulating, some 
recently burned. They bear in places scattered llano palms (always Copernicia 
tectormn), in others brownish thorn bushes (not identifiable) and in still others 
Curatella. They might be called very open parkland or savannah. At times 
this passes into “orchard” country, with Bowdichia almost as common as 
the Curatella. 

At Calabozo the River Guarico is crossed again. Its bare banks are fringed 
chiefly with thorn forest {Acacia macracantha dominating). A considerable 
pond had its flat banks grazed so closely that it was impossible to identify a 
single species in the herbage. 

VII. The lower llanos (Calabozo to San Fernando). 

The fringing thorn forest fades. quickly into sparse Cymbopogori-Curatella 
savannah, the bushes and small trees of the latter widely scattered. Among 
the Cymbopogon is much of a blue-flowered Labiate, Hyptis suaveolens Poit. 
{mastranto). We are soon in a dried-up, dusty, extensive plain covered with 
Cymbopogon and Hyptis as overwhelming dominants, and no bushes. This 
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plain opens out still more and we see for the first time a view such as inspired 
Humboldt s classical description of the llanos — an apparently limitless expanse 
of low grass, as flat as the sea, with the hazy presence of a few scattered trees 
on one horizon only, barely discernible. Tliis is evidently typical low bunch 
grass savannah. In places and over considerable areas the whitish sea of 
bleached Cymbopogon gives place to a larger reddish grass, Andropogon con- 
denmtiis still mixed with Hypiis. Among both grasses the yellow 

flowers of Hibtscus sulphnreus H.B.K. are fairly common. Now and again 
appears a small society of short wliite cottony grass (Andropogon selloanus 
(Hack.) Hack.). 

J urther on the sheer plains of Cymbopogon and Hypiis, extending to all 
horizons, are broken by small patclu^s of busli, not larger than a quarter acre, 
some with the houses of those who tend the large herds of cattle and troops 
of horses. In some of these oases ther(‘ are actually patches of bananas and 
of sugar-cane, the former ex(;eedingly battered by the dry trade wind and 
the latter suffering badly from drought. 

In places now the Hypiis, probably as a result of selective' grazing on the 
part of the horses and cattle, wliich were introduced into the llanos in 1521 
(Albeniz, p. 2fl5) and 1530 (Mc'ndoza, p. 31) respectively, grows in almost 
pure stands for miles. 

Just past J.<os Bailees, llano palms appear again and with them low open 
deciduous forest, with a most unusual abundance of strangling ligs (Ficus sp.). 
This, according to Pittier (1929, p. 459) is a new species. There seems to be 
a tendency for strangling epiphytes to appear in numbers in areas where 
other trees arc either at the limit of their ecological range (ecotone) or are 
unable to grow at all. Tlius a Chisia sp. and a Ficus grow luxuriantly, the 
formi'r up to 20 ft. high, on the surface' ol the famous Pitch Lake in Trinidad. 

File deciduous forest, in the midst of the llanos, sliowed the small tree, 
diuaramla obtusifolm H.B.K. in magnificent flower. The bush Helicteres 
guazumaefolia H.B.K. was also blooming. 

Lianes are very plentiful, and on the forest floor a frequent but not very 
gregarious Bromelia sp. A few column cacti (Cereus sp.) are the first seen for 
a long time. 

Jor some miles after this the road lies through almost treeless plains again, 
with large areas, evidently almost swamp in the wet season, covered with short 
grasses of species distinct from those of the drier areas, and the bush, Ipomoea 
crassicaul/is. There are occasionally actual lagoons, in one case fringed with 
Thalia geniculata, ‘^wild” rice (Oryza saliva L ), some Sacciolepis vilf aides 
(Trill.) Chase, and beyond these a wide zone of the short grass, Steiraclwe 
diandra Ekm. 

Curatella savannah intervenes again and passes into treeless plains of 
Cyinbopogon-Hyptis, Near houses this becomes a dusty HyptisSida associa- 
tion, with much of a tiny Cassia (C. (Chaemaearista) serpens). 
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At Corozo Pando are extensive flats of Ipomoea crassicaulis growing very 
luxuriantly, and widely surrounding lagoons fringed with Cyperus articulatush, 
and Eleocharis geniculata Vahl. eaten down wherever stock can reach. Further 
out are a few odd bushes and llano palms. 

The lagoons are part of a caiio which in the wet season forms a channel by 
which one can reach the Apure River in a launch. 

South of Corozo Pando this cano wends its way between fringing forest. 
The typical fringing forest {Galeriewald) of the llano rivers is regarded by 
Pittier as true monsoon forest, the deficiency of rainfall being compensated 
by favourable edaphic conditions. This cano fringing forest consists, however, 
of small leafy trees, among which I recognise Andira inermis H.B.K. There 
are occasional palms, Acrocomia sclerocarpa Mart. {Corozo). The forest floor 
is entirely bare, save for a few dead leaves, I suppose owing to the inunda- 
tions. 

Outside the fringing forest the plain is now covered with low herbage, 
among which the grass, Sporobolus indicus (L.) R.Br., and the Labiate, Hyptis 
suaveolens Poit., are easily dominant. Later, though the Sporobolus remains 
the commonest grass, non-Gramineous herbs predominate, and we enter a sea 
of Hyptis extending almost to the horizon. 

Some miles, and the llano palm {Copernicia lector um) appears again, very 
heavily attacked by strangling figs, which, however, are absent when we enter 
the extensive palmetum of which these scattered palms are the heralds. 

On its further side the palmetum passes rather al)ruptly into the Estero^ 
de Camaguan, a wide open plain, clothed at first with much-grazed short grass 
and stunted rice {Oryza saliva) but later, right to the eastern horizon, with a 
pure knee-high stand of a much stouter grass with long trailing stems rooting 
at the nodes, and close, leafy sterile culms, erect and somewhat hirsute. 
Although no flowers were to be found, this grass is undoubtedly Paspalum 
fasciculatuni Willd., with which I am familiar in Trinidad, and which has 
been recorded by Spruce as forming pure stands on river banks and practically 
never flowering (Chase, 1929, p. 177). 

Sachs (p. 260) mentions a grass called locally “lambedora"’ as dominant 
in the Estero de Camaguan, which is a noted grazing area. Paspalum fascicu- 
laturn is, however, known as ‘'gamalote’’ — a common name for stout coarse 
grasses in Latin America, and applied to Guinea grass (Panicum ntuximum 
Jacq.) in northern Venezuela. Gamalote is said to be entirely unpalatable, 
while lambedora is a favourite forage grass, noted for its tenderness (Pdez, 
pp. 98, 109). They are therefore certainly not the same grass. But P&ez (p. 98) 
states that the gamalote is regularly burned as soon as it is sufficiently dry, 
and it is apparently then that other species are able to cover the ground. 

^ An eMerOf according to P&ez (1929, p. 110) is a savannah which retains in its soil sufficient 
water to grow fresh forage throughout the year. The Estt^ro de Camaguan seemed to me to be 
formed by the basin of a very wide and very shallow lagoon. 
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At Camaguan we reach the River Portuguesa, like the Guarico a tributary 
of the Apure. Apart from the fringing forest along this river, and one palmetum 
{Copernicia) near San Fernando de Apure, the route from Camaguan to the 
latter town, on the banks of the Apure, passes through practically nothing 
but vast plains of Paspahim fasciculattim, up to waist and even breast-high. 
Occasional damper areas and lagoons support stands of Ipomoea crassicaulis. 
On dryish areas there are stretches of Malachra alceifolia Jacq. The Paspalum 
covers dried, cracking mud. Rarely, among its close-growing sterile culms, 
appears a flowering stem of another, more slender grass, EriocMoa punctata 
(L.) Desv. Haniilt. 

At the time of our visit the Apure River was low, with extensive sandbanks 
on which grew pure stands of a glaucous composite shrub, Tessaria mucronala 
D.C. Where the actual sloping silt banks of the river began, either at the 
water’s edge, or separated from it by sand beaches, there began also extensive, 
pure, close stands of vivid fresh green Paspalum fasciculatum, evidently 
springing up on the cracking mud as the water receded. These Paspalmn beds 
passed up the bank slope and on to the plains above, right to the horizon, either 
uninterruptedly or with occasional islands of bush of a fringing forest {not 
savannah) type. As it leaves the water’s edge and passes into the older stands, 
this grass loses its fresh green colour and at the same time becomes somewhat 
more hairy, though never so hairy as P, fasciculatnm normally is in Trinidad^. 

In places, especially on the flatter beaches, the front line of P . fasciculatu rn 
contained a few plants of other grasses, including Panicum elephantipes Nees, 
Echinochloa polysiachya (H.B.K.) Hitch, and the little mat-grass, Eragrostis 
maypurensis (H.B.K.) Steud. 

VIII. Comparison with the savaxVnahs of Guiana and Trinidad. 

There are in Guiana savannahs of two main types — the water-savannahs 
of the coastal belt and the upland savannahs of the far interior, 200-300 miles 
from the sea. I have not yet visited the latter, and am dependent almost 
entirely on the descriptions of Schomburgk (trans. 1922-3). Hitchcock (1922, 
p. 441) regards them as '‘an extension ea.stward of the vast savannahs of 
Venezuela.” Their elevation Schomburgk gives as 350 400 ft. ( 1 , 308). The 
surface is frequently undulating — whereas the llanos are strikingly level. 
Schomburgk mentions also areas “dotted here and there with bleak masses 
of granite from 10 to 600 ft. in height, a characteristic peculiarity that essen- 

^ 1 have, however, found examples of F. f(i.sciculatum in Trinidad (Tamana) quite as glabrous 
as the smoothest Apure sjiecimens. Mrs Chase, moreover, in her monograph (1929, p. 177) 
mentions “nodes from glabrous to densely boarded” and in fact seems to recognise almost a 
complete variation from pilose to glabrous in other parts of the plant. Mrs Chase quotes a her- 
barium note by Spruce to the effect that the exceeding scarcity of flowering culms is due to 
constant nipping by goats; but this is quite inadequate to explain the infrequency of flowering 
throughout Trinidad and the llanos. The fact is, P. JascicitUitum spreads so rapidly by creeping 
stolons that reproduction by seed has apparently become unnecessary. 
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tially distinguishes these grassy plains from those immense llanos and pampas 
of the southern portion of South America” (loc. cit.). There are, however, 
extensive level plains as well. 

The rainfall, which may be in places as low as 46*2 in. (Harrison, 1925, p. 5) 
corresponds closely with that of the llanos, and differs greatly from that of 
the wet coastal savannahs, where the rainfall is rarely below 90 and may rise 
above 150 in. The upland savannahs and llanos are thus true climatic grass- 
lands, while the wet savannah, and, as we shall see later, all the types of 
Trinidad savannah, are clearly not. 

Schomburgk’s account shows that scattered trees of Curatella amerieana 
and Bowdichia are rarely lacking, with isolated bushes of Byrsonima spp. and 
others. There are considerable oases of forest, however, attaining six miles 
and more in diameter, dominated in the wetter areas by Mauritia palms and 
Musaceae (including Ravenalayuianeynsii^) and in the drier spots fringed, among 
other bushes, by Helicteres ffuaztiniaefolia. Hitchro(‘k records tlie following 
grasses as common or frequent on the upland savannahs: Lepiocoryphiimi 
lanatum, Paspalum abrahami, Arundinella hispida^ A ndropoyon leurostarhyus, 
A ndropogon selloanus, Cym bopogon bracteat us, Heteropogon contort us, Trachy- 
pogon pluniosus, Elyomirus adustus. But Schomburgk, with an Irishism which 
the botany of his day would overlook, states that “the real grass-covering 
consisted for the most part of Cyperaceae; in fact the genera Isolepis, Carcx, 
Hemicarpha, DichromcMa, and several species of Cyperus had their home on 
the dry higher-lying savannahs, wliile Mariscus, Kyllingia, and Srieria occu- 
pied the damp and marshy spots. Hypolytruni was also represented ” (1, 29G). 
Such a predominance of sedges is certainly not characteristic of the llanos, 
and was nowhere seen in our traject. 

On the route to Roraima Schomburgk mentions “6 to 7 foot high cutting 
grass and reed that covered a boundless plain” (2, 131). This is reminiscent 
of the coastal wet savannah, the “cutting grass” being probably a Rhyncho- 
spora. Nowhere else does Schomburgk mention tall grass, save (1, 278) when 
he first entered the Rupununi savannahs, and found, on the river bank, his 
view blocked by grass more than 6 ft. high. The bulk of the upland savannah 
is evidently of the short bunch grass type. Savannah fires were frequent, even 
in Schomburgk’s time, being lit by the Indians to drive out game. He 
graphically describes the remarkably quick recovery after a sweeping fire. 
In a fortnight palms, bushes and “grass” are greener than before. 

Martyn (1931) describes a savannah which is in some respects intermediate 
between the wet and the upland types. This is the Waranama savannah 
situated 80-90 ft. above sea-level, some 60 miles inland on the Berbice River. 
The open savannah is covered with grasses and sedges, among which pre- 
dominate Trachypogon plumosus, Axonopm aureus, Andropogon letwostachyus 
and Rhynchospora pterocarpa, “The level of vegetation is broken at intervals 
by stunted bushes, chief of these being Byrsonima coccolobaefolia and Curatella 
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amerieana^ which in certain areas become a dominant feature.” ‘‘In swampy 
depressions, too wet for forest, the Aeta palm, Mauritia Jlexuosa, occurs; 
sometimes as a few scattered trees, elsewhere forming large belts of ‘palm 
forest’ similar to those found in the swamp savannahs near the coast.” 
Sharply-defined islands of bush occur on the large niounds thrown up by leaf- 
cutting ants {Alta sp.). The vegetation on these hillocks shows definite suc- 
cession, culminating in bush dominated by Byrsonima spicata. Finally there 
are patches of scrub known as “muris” on areas of white quartz sand. The 
chief small trees are Clusia nemorosa and Byrsonima spicMa, and the com- 
monest buslies, Pagamea capitata and Ilomniri florihunda var. guianensis. 
Although this savannah considerably resembles the upland type, it is appa- 
rently of edaphic origin, and has more in common with certain Trinidad 
savannahs to be described later. 

The wet savannahs of the coastal region in the (luianas and the Orinoco 
Delta are in some cases actually below sea-level. They form exceedingly 
sharply demarcated areas in the swamp forest which covers most of tliis region. 
In extent they vary from the slightly open margins of forest creeks to wide 
stretclu^s ten miles or more across, sometimes interspersed with islands of 
forest occupying rising ground. In some cases it is possible, during the dry 
season, to walk across them dryshod, where during the wet season there may 
be several feet of water. Schomburgk ( 1 , 1 73) calls them “ swampy grass-flats.” 
Tliere is often a ‘‘vegetable decking” to use his term, which is strong enough 
to bear the weight of a man, but sways under his feet, over an abysmal morass. 
Such a type passes of course, into true swamp, and is called “savannah” in 
accordance with tropical usage, only to denote the absence of trees. The larger 
water savannahs, like that at Moruka, are dotted with oases of rain forest, 
occu])ying spots of higher ground, which form the sites of Indian settlements. 
Elsewhere, as in the Orinoco Delta, where we explored the Carapo and 
Awaracaba savannahs, there is an uninterrupted sea of sedges, fringed by aeta 
palms [Mauritia jieyxuosa L.f.) and then passing into the dominant swamp 
forest which covers most of the 12,000 square miles of the Delta. 

I should think that on a moderate estimate 95 per cent, of the vegetation 
in the larger Guiana and Orinoco wet savannahs visited consisted of the 
so-called “savannah grass,” a coarse brownish sedge [Rhynchospora sp.) 
growing up to a height of 0 ft. Marking the passage of a creek there are 
sometimes however fairly wide stretches of the grass Sacciolepis striata (L.), 
and a fine-leaved sedge, growing in deeper water, with considerable white 
Polygonus sp., Eleocharis ge/mcalata, a clambering Mikania, and small beds of 
luxuriant grasses, Uymenachne auriculata Willd. and Panicum elephantipes 
Nees. None of these last, however, arc true savannah elements. Often, though, 
the true savannah sedges extend to the edge of the open water. 

In the British Guiana wsavannahs the sedges, again near the waterways, 
are sometimes interspersed with coarse ferns, Crinums and odd, undersized. 
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sickly specimens of Montrichardia arborescens Schott. In the savannah fringe 
the bush, “fat pork,” Chrysobalanus pellocarpus often forms pure stands. 

How far the above description applies or formerly applied to the coastal 
savannahs further east, is doubtful, for those which I have seen are profoundly 
modified by draining and grazing. Further east still, in Nickerie, Dutch 
Guiana, are extensive swamps of Typha angustifolia L., with curious islands 
of Erythrina gtauca Willd., the trees apparently rising not from higher ground 
but from the sea of bulrushes itself. 

To sum up, the wet savannahs are not grasslands at all, but sedge-covered, 
and they differ further from the llanos and the upland savannahs in being of 
edaphic or topographic origin. 

The Trinidad savannahs, under the lee of the Northern Range, are entirely 
edaphic in origin. The soils, according to Hardy, “consist of greyish white 
sand varying in depth from one to four feet — underlaid by a more or less 
clayey substratum of a mottled red, orange, grey and brown appearance.” 
They “appear to be the much-leached residues of previously deposited 
material.” The hummocky surface is waterlogged during the rainy season 
and unduly dry at other times. By their vegetation these savannahs may bo 
divided into two main types, the one probably related to the upland savannahs 
of British Guiana and the other reminiscent of, though drier than, the wet 
savannahs of Guiana and the Orinoco Delta. The first kind, exemplified by 
the Piako (Piarco) and Mausica savannahs, shows a dominance, save in wetter 
spots, of grasses over sedges, the abundant species being Trachypogon plumosus 
H. and B., Paspalum pilosutn and Thrasya robusla. The first of these grasses 
is said to be common on the upland savannahs of British Guiana. The woody 
vegetation is of the orchard type, and consists very largely of Byrsonima 
crassifolia H.B.K. and Curatella americana. In other places cocorite palm 
(Maximiliana carihaea) is easily dominant, the erect bush, Coccoloba pnhescem, 
and an Andropogon are common, and large beds of the Musaceous herb, 
Heliconia psittacor urn, appear. In wetter spots more sedges enter, and a few 
iris-like tufts of Paspalum densum. Poir. Small savannahs of similar appearance 
may be seen in the Northern Range itself between 700 and 1600 ft. above 
sea-level. Here the dominant grass is usually either Trachypogon plumosus or 
Thrasya rohusta — seldom a mixture; but a clambering sedge (a wide-leaved 
Scleria) and a coarse grass, Axonopus equitans, are often common, and the 
dominant shrubs, Curatella and Byrsonima crassifolia are intermixed to a 
varying degree with other species. 

The second main type of Trinidad savannah is exemplified by the southern 
part of the Aripo Savannah, and is marked by a greater abundance and variety 
of sedges (including a Rhynchospora sp.) and by the presence of the highly 
characteristic aeta or moriche palm {Mauritia setigera). These palms, with the 
other woody vegetation, tend to be segregated into islands standing out of 
the sea of sedge and grass, among which occur a number of interesting terres- 
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trial orchids, bladder worts and sundews, and in places a straggling tangle of 
CciHsytha aniencana. The smallest islets, of a few bushes only, consist almost 
invariably of Cluda ricmorosa solely. In slightly larger patches Sjpnphonia 
globulifera joins the company, and in drier parts, Byrsonima crassifoUa and a 
Badris palm. The large “islands/’ (containing a variety of rain-forest trees, 
are overtopped by Matiriha palms, seedlings of wliich spring up thickly from 
the undergrowth of breast-high sedges (coarse, cutting species, including a 
stout Sderta) interspersed with a few inelastomes. These larger “islands'’ are 
edged, as often in tlie Orinoco Drdta, almost continuously by bushes of “fat 
pork” {(^hrysohalaHHs pellocarjms). Jn tlie “islands” a rather rare pigeon 
(Colund)ii nifina T. and K.) breeds commonly and it is recorded also by 
Hchomburgk from similar oas(^s in tine upland savannahs of Guiana. 

IX. OF MAN' AND STOCMv. 

Ooncerning the (dT(‘cts of tir(‘ on climatic grasslands, whether lit by lightning 
or '>y man, a (‘onsiderable amount has been written; hut less seems to be 
known of its infliuMice on edaphic savannahs. On a spur of the Trinidad 
Northern flange, facing in(‘ as I write tins, is a small upland savannah of the 
kind descrilx'd iii the t<'xt, witli v<tv sharply marked edges, ft shows up as 
a yellowish gr(*en j)atcli in tlH‘ deeper given second-growth rain-forest wliich 
surrounds it. Hegidarly (‘vin v year this .slope is swept by iierce lin*s. Their 
effect on the savannah is not noti(*eable the vegetation a few weeks after- 
wards seems unchanged. 1’h(* rain for(‘st, on the other hand, is annually 
destroyed and is r(‘|)resent(‘d in tin' meaiitinu* by low buslies and herbage. 
These, li(jvv(*ver, an* all memliers of tlu* first stage in the succession to true 
rain forest, ^^en* the fires jirevimtiMl. they would apparently and in time 
comphdely regmierate tlu* original forest. Then' is no ('\'idenee that tin* annual 
fines are enabling the savannah to em'roach on tlie fon'st to the least degree. 

Ihadie (hescrilx's the origin of a w'et savannah on the Abary iliver as due 
to (ire. He writes ( Ifflb, [). dbS): “All this savanna was once a densely wooded 
jungle of mora trei's, eta palms and other growth. In 1837 a drouglit ocaairred 
of such extent that all the vegetation trees, palms, and underbrush — became 
dry as chips. Tin* im'vitabh' followed and a lire started in some way wdiich 
sw'cpt this w hole region, reaching in placets (‘ven to the Demerara. Then floods 
came, broke through tlu' loosened barrier and tangled roots, and inlilt rati'd 
through the soil. Grass and reeds took the place of tlie great iiioras, and now;, 
almost to the horizon, stretches the flat, open expanse of marsh.” 

There can be no (jiu'stion tliat tires have been much more frequent on the 
llanos and the other savannahs mentioned since the advent of man and 
especially of civdlised man. Even in the recesses of the Orinoco Delta, there 
was evidence tliat the smallest savannahs on uninhabited creeks were burm d 
by wandering Indians more or less annually. On the llanos Paez and others 
mention regular annual burning of the coarser grasses. It may be that the 
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great height and tangled growth of the Apure grasslands as noticed by La 
Puebla in 1521 were due to a lesser incidence of fires at that date, since it 
seems that the height reached nowadays is distinctly less. But yet the original 
vegetation was adapted to sweeping fires before the discovery of America. 

A change of probably considerably greater infiuenc^e was the introduction 
of close-grazing European animals — horses and cattle — which now roam the 
llanos in tremendous numbers and constitute the chief wealth of Venezuela. 
Compared with their widespread, close, and selective grazing tl)e effects of 
the small llano deer and, on pond and river margins, of capybaras, must have 
been ecologically almost negligible. Botli horses and cattle, as we have seen, 
were introduced well before the middle of the sixteenth century. During the 
dry season much of the plains is obviously ovt'rstocked. We found the wide 
margins of many j)onds and streams eaten as smooth as a billiard table. 
Undoubtedly the vast areas, in the dri(‘r localities, of the aromatic Labiates 
Hyptis suaveolens, and, in wetter places, of the Convolvulaceoiis bush Ipomoea 
crassicatdis, are due to selective feeding on the part of the stock, and represent 
a by no means negligible deterioration of the llanos as pasture. 

Nearer the rivers, however, within the zone of the high grass (Paspalum 
fasciculatim) and on the that is within the range of the deeper annual 

inundations — the influence of stock on the original composition of the vege- 
tation is much less, partly since the period of grazing is also limited, and })artly 
because the other ecological conditions are so severe and so specialised, ^riius 
Hyptis^ which does not enter this zone, presumably (;annot survive the annual 
deep inundations, while Ipomoea crassicaidis is excluded, save from pond 
margins, by the aridity of the dry season. 

X. Summary. 

1. The llanos between the Coastal Cordilh'ra and the Apure River consist 
for the most part of bunch grass savannah, as the term is used by Bews (1929), 
of a type intermediate between his tall and Urw classes but tending largely 
towards the latter. The dominant grasses are Cymhopogon rufiis over very 
large areas, and over smaller but still extensive areas, Andropogon condensatus 
and SjKrrobolus indicus respectively. An induced dominance of the Labiate, 
Hyptis suaveolens, due to selective grazing, prevails over large tracts. The 
incidence of trees on the llanos themselves, apart from the fringing forest of 
the rivers, varies from nil to a fairly dense scatk^ring of the orchard type, the pre- 
dominant species being Curatella americana and Bowdichia ^nrgilioides. Llanera 
palms {Copernicia tectorum) vary in frequency in the same way. Aeta palms 
(Mauritia flexuosa) occur in damper spots, but were not seen on our traject. 

2. To a varying distance from the Rivers Apure and Portuguesa there 
extends a wide zone (some miles) of true high grass savannah marked, at least 
in the early dry season, Ijy an overwhelming dominance of the coarse grass, 
Paspalum, fasciculatum. This high grass savannah is dependent less on annual 
burning — which all the llano suffers — than on the deep annual inundations. 
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It is thus more specialised and not quite of the same origin as that characterised 
by Bews (1929, p. 292). 

3. Throughout the llanos one encounters damper depressions and ponds 
witli a zonal vegetation of their own, di^scribed in the text, and different from 
that of the surrounding plains. 

4. The upland savannahs of British (Juiana are bunch grass savannahs 
resembling the llanos in vegetation save for a greater preponderance of Cypt'ra- 
ceae, and of similar climatic origin, but often differing widely in topography. 

5. Th<‘ water savannahs of the coastal regions in Guiana and the Orinoco 
Delta are, in the first place, not grasslands at all, but predominantly sedge- 
covered. I'hey are of topographi(‘ or (xlapliic origin, rather than climatic. 

f>. The drier savannalis of Trinidad agree closely with the upland sav annahs 
of British Guiana, so far as the descrij)tions of the latter allow us to judge; 
but they are of purely cflaphic origin. 

7. Tlie w(‘tt(‘r savannahs of Trinidad recall those of the (coastal mainland, 
and are appanuitly of similar origin. 
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I. Introduction. 

The aim of the ecological work undertaken by the Oxford University Expedi- 
tion to British Guiana* was to be intensive rather than extensive. After only 
fifteen weeks of field work the most we could hope to do was to give an 
accurate, and as far as possible, quantitative description of the vegetation of 
our chosen area. It was clear that we could only raise problems and not 
solve them. 

Though one of us had some years previous experience of the Guiana forest, 
which was valuable in suggesting lines of work, it must be emphasised that 
our results and conclusions apply only to the limited area we studied and not 
necessarily to the whole Guiana forest, still less to rain forests in general. 

The greater part of the field work was carried out by both authors jointly, 
but the writing of this paper was done by the junior author only, who must 

^ Part of the results of the Oxford University Expedition to British Guiana, 1929. 

2 P’or a general account of the work of the expedition, see ( 1 ). 
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take the responsibility for the views expressed in it, though the manuscript 
was read and, for the most part, approved by liis collaborator. 

All plants for which actual specific names are given in our tables were 
collected (unless otherwise stated) and a complete set of specimens will be 
found in the Kew Herbarium. 

For the determination of species we have to thank Mr N. Y. Sandwith of 
Kew, who was a member of the Expedition and co-operated with us in the 
field. For help in naming certain groups Mr Sandwith wishes to acknowledge 
the help of Mr A. H. G. Alston of the British Museum (ferns and Lycopods), 
Dr Max Burret of Berlin-Dahlem (palms), Dr H. A. Gleason of New York 
(Melastomaceae), Dr Anton Heimerl of Vienna (Nyctaginaceae), Dr A. S. 
Hitchcock of Washington (grasses), Dr J. Lanjouw of Utrecht (Euphorbia- 
ceae), Dr L. B. Smith of Harvard University (Bromeliaceae), Dr T. A. Sprague 
of Kew (Bignoniaceae), Mr V. 8. Summerhayes of Kew (Orchids), Dr W. 
Trelease of Urbana, Illinois (Piperaceae) and Dr R. E. Woodson, Jr. of the 
Missouri Botanical Garden (Apocynaceae). 

Accounts of new and critical species are given in a series of papers in the 
Kew Balletin (2, 3). 

We are indebted to the Director of Agriculture, British Guiana, for the 
data on which the account of the climate of our area is based. We have to 
thank Mr R. R. Follett-Smith, Chemist-Ecologist to the Department of 
Agriculture, British Guiana, for examining and reporting on our soil samples, 
Mr G. Udny Yule, F.R.S., for advice on certain statistical points and Mr E. E. 
Pochin for working out tlie statistical treatment of the data in Table VI. 

To Prof. F. J. Salisbury, F.R.S., Dr H. Godwin and various members of 
the British Guiana Forestry Department, wdio were kind enough to read our 
manuscript and offer useful criticisms, our best thanks are also due. 

We have to thank Major R. W. G. Hingston, M.C., for permission to re- 
produce some of his photographs. 

Finally, we should like to thank our Arawak Indian helpers, especially 
Mr Jonah Boyan, whose wide and accurate knowledge of the forest flora was 
invaluable. 

An account of the ecology of the bryophytes is being reserved for another 
paper. 

II. The habitat. 

(1) The position and topography of area. 

The colony of Bri tish G iiiana lies on the nortli-eastern coast of South America 
between the latitudes of 0^^ 50' and 9^0' N. It includes three main regions: 

(i) A strip of alluvium, mostly less than 30 km. wdde: much of this land 
is below sea-level and defended by dykes. Where the ground water is salt or 
brackish, mangrove swamp (dominants, Amcennia nitida Jacq., Rhfzophora 
spp. and Acrostichurn aureum L.), where it is fresli, swamp forest of various 
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types (including the so-called “Swamp Savannah,” dominated by Mauritia 
flexuosa L., the It6 Palm) are the natural vegetation. By far the greater part of 
the population is concentrated in this alluvial strip, all the towns and most 
of the villages lying within it, and much of the land is now cultivated. The 
chief crops are cane sugar and rice. 

(ii) A large slightly elevated region of igneous rocks including the greater 
part of the total area of the colony and extending to the frontiers of Brazil, 
Venezuela and Surinam. The surface is always gently undulating or hilly, but 
rarely reaches a height of more than 300 m. The most of this area is covered 
by an unbroken rain forest, continuous with the vast forests of tlie Amazon 
basin to the south and of the Orinoco to the west. It is crossed by several 
large rivers of which the Essequibo, with its great tributaries the Mazaruni 
and Cuyuni is the chief. Falls or rapids caused by dykes are found on all tliese 
rivers at points never far from the sea and have largely prevented colonisation 
and exploitation of the interior. There is an extremely scanty population of 
aboriginal Indians and there are a very few civilised settlements. 

(iii) In the far interior there are high plateaux and sandstone mountains, 
the highest of which is Roraima (2664 m.). Much of this region is grassy 
savannah, but the proportion of the interior not covered with forest^ is now 
known to be far less than is suggested by the accounts of Richard Scliom- 
burgk ( 4 ) and other early travellers. Some of the savannahs are used for cattle 
ranching. Nearly all the third region and much of the second are inadequately 
explored and mapped. 

The area which was studied intensively by the Oxford Expedition was 
that easily accessible by canoe and on foot from a base camp on the bank of 
Moraballi Creek about 3 km. above its junction with the Essequibo river. 
It was only 6® 11' (about 650 km.) north of the Equator and about 50 km. 
within the coastal edge of the rain forest. The other localities whose vegetation 
was examined were all within 40 km. of the base camp and situated on the 
banks of the Essequibo, (Juvuni and Mazaruni rivers. 

Moraballi Creek is a small fairly fast-flowing river rising on the Demerara- 
Essequibo watershed, having a more or less westerly course of about 24 km. 
It is fed by a great number of small streams. It is a typical “ black- water '’2 
creek, as are its longer tributaries, but the shorter ones (i.e. those rising not 
as far back as the main watersheds) are often “white-water’' creeks (clear or 
muddy, but uncoloured). 

^ Barrin^on Brown (5, p. f>) in 1875 OHtimated the total area of the whole colony under 
forest at about 90 per cent. 

2 The water of such creeks is chocolate brown by retiocted and mahogany by transmitted 
light: it appears faintly coloured in a test-tube. It is jMirfectly clear, but shows the Tyndall effect 
with beams of sunlight. It has a peculiar tasb^. In Guiana all i^tueh creeks rise as springs in the 
Walla ba forests of the white sand ridges (see F^art IJ) and the coloration is locally considertifi to 
bci derived from the dead leaves of the Wallaba tree. “White water” creeks always rise in forest 
of other types. 
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The surface of the area is low, but nowhere flat except in the swampy 
alluvial land near the Essequibo and the narrow strips along the main creek 
and its biggest side creeks. The greater part of it is undulating and rises gently 
towards the watersheds. The Demerara-Essequibo watershed is a ridge 
about 100 m. high; the Moraballi-Wineperu watershed on the south and the 
Moraballi-Kamakabra on the north are lower. From these main watersheds 
many smaller spurs, mostly about 50 rn. high, branch off and in places reach 
the bank of the main creek. Those ridges are often very steep-sided though 
flat-topped, and the streams draining them usually run through deep gullies 
with nearly pre(dpitous banks. 

The underlying rock of the whole district, as of most of the colony, is 
granite or gneiss, perhaps with some greenstone, v. (5), but outcrops are un- 
common except in the banks and beds of the creeks. In one place, however, 
steep rocks aliout 4 m. high were met with in the forest. The steeper hillsides 
are often strewn with boulders. In the gullies large masses of ferruginous 
sandstone are exposed, hut they are concretions formed secondarily from the 
soil, not native rocks. 

The soils met with in tlie area were remarkably varied. The higher ridges 
are always topped with a thick layei* of coarse, pure white sand. The stream 
valleys have a silt, or sometimes a sandy, soil. Passing from the streams 
towards the ridges, heavy red clays, then red loams. Anally brown sands, are 
met with successively befort*. reaching the wliitii sand. The characteristics cf 
these soils will be d(^scribed in detail in Part II. Common to all of them 
is deAciency in lime and high acidity (lowest acidity of samples pH 4-43). 
The red soils are probably sili(a?ous laterites. All these soils are probably 
derived from the un<lerlying granite (but see Part II). 

(2) Clirnate, 

There are no data about the climate of Moraballi Creek itself, but there 
has been for many years a well-equipped meteorological station at H.M. Penal 
Settlement, River Mazaruni, only 27 km. in a direct line from the base camp 
of the Oxford Expedition, and there are also some meteorological data for 
Bartica which is 3 km. nearer b Though the climates of Moraballi Creek and 
of the Penal Settlement are undoubtedly very much alike, it is possible that 
some of the factors, in particular the rainfall, may differ quite considerably 
in the two places, since it is known that there are large local variations from 
place to place within the colony; for instance, the average annual rainfall for 
the years 1920-3 at the Penal Settlement was 255*7 cm., while on the other 
bank of the Mazaruni at Bartica only 4 km. away it was 178*6 cm.- The data 

^ It inuHt b(* reincinbered that both thoHo stations aiv situaiod in largo clearings and therefore 
record the general climate to which the forest is exposed, not its internal cliniato. 

* There were? inoiv rainy days in the months 8eptomb(3r to NovomW in 1929 at Moraballi 
Creek than at the l*onal Settlement. This suggests that in regard to rainfall at least the climate 
is like that of the Penal Settlement rather than that of Bartica. 
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for the Penal Settlement will, however, give a sufficiently good general picture 
of the climate of our area. Apart from slight local variations the climate of 
all the rain forest in the colony is very similar as far as the available data 
show. The coastal region has a somewhat different, and the savannah regions 
a very different, climate. The Guiana rain forest in general has a climate like 
that of most other equatorial rain forest regions though there are small 
peculiarities. 

Climatic factors : 

( a ) Temperature. 

The temperature is higli and very equable. It is higher during the dry 
seasons than during tlie wet, the hottest month being October and the coolest 
January, but the range of mean temperatures for the different months of the 
year is actually very small, much smaller than the range between night and 
day, tliough even that is always less than 10° C. Fig. 2 shows the variation 
of the monthly mean, and average^ monthly maximum and minimum tem- 
peratures during the year. The mean maxima, it may be noted, are not much 
higher than the maxima occasionally reached even in England and are much 
lower than maxima commonly rea(*hed in the sub-tropics. The absolute maxi- 
mum for tlie years 1920 9 was C., the absolute minimum 16*4° and the 
mean 25*9°. Witii these figures may be compared those for Manaos^ (lat. 
3° 8' S.) in the Amazonian rain forest — mean 27°, average extremes 37° and 
21°, daily range about 8° — and for Duala in the Cameroons (lat. 4°3'N.) 
wliich are typical for much of the rain forest of the Old World tropics — mean 
25-5°, average extremes 32-8° and 20°, daily range averaging about 6°. 

(h) Rainfall. 

The mean annual rainfall for the years 1920 9 was 267*0 cm., but in the 
tropics especially the distribution of the rainfall is more important than the 
total amount from the ecological point of view. There are two wet seasons, 
one long (May to August) and one short (December and January). The autumn 
dry season, though the longer, is the less dry. No month has a mean rainfall 
of less than 10*7 cm. In the dry season during our stay at Moraballi Creek, 
we noticed that showers were very much more common about midday than 
at any other time. One moderate shower kept the forest undergrowth dripping 
wet for the remainder of the day and all tlie following night. It is therefore 
likely that in the drier months the numbers of days with rain are important 

^ All tlie (lata tor places outside the colony are takiMi from Brooks (6). 

Flfi. 1. Sketch-map of British Guiana. The base camp at Moraballi Creek is indicated by Cj, 
the camp at Akaio Landing by C 2 : H marks the position of H.M. Penal Settlement. The 
cross-lines 011 the rivers indicate a few of the more important waterfalls and rapids. “Alienated 
Ijancls'^ (i.e. alienated from the crown) include all the cultivated area, though they are not 
necessarily cultivated. We are indebted to Mr L. S. Hohenkerk for some of the data on 
which this map is based. 
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in determining the character of the vegetation. The number of days in each 
month with a measurable amount of rain (average for 1920-9) is as follows: 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

17 12 13 10 20 24 22 18 15 10 15 23 

The fact that the driest month of the year (April) has as many as 10 days with 
rain suggests that the vegetation is unlikely ever to suffer a serious shortage 
of water in an average year. There is, however, a great variation from year to 
year in the rainfall of any one month. The long wet season has never been 



Fia. 2. Shade temperatures at ff.M. Penal Settlement, River Mazaruni. 
Monthly averages for the years 1920-9 inclusive. 


known to fail, but occasionally (probably about once in 12 years on the 
average) the winter rains are so slight as to convert the two dry seasons into 
one very long one. This occurred in the winter of 1911-12 and again in 1925-6 
and 1930-1. In such droughts, according to the accounts of observers, there 
is very considerable drying up of the forests. In 1925 -6 a heavy mortality 
was noticed among Mora Gonggrijpii (Kleinh.) (Morabukea) seedlings, while 
mature trees of Houmiri baUamifera Aubl. (Tauroniro) were killed, presumably 
by drought. It is therefore likely that these droughts prevent the vegetation 
from being of as hygrophilous a type as is allowed by the average climate of 
the district. 
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In the short wet season the rain is often accompanied by squalls of wind : 
in the long wet season it nearly always falls vertically and with great violence. 

The total rainfall of other rain forest localities in the colony is very little 
different from that in our district. The rainfall of rain forests in other parts 
61 the world is often heavier, hnt may be considerably lower. It is seldom as 
evenly spread through the year. At Manaos (Amazon valley) the average total 
is only l()f)cm. And there are three successive months with averages of less 
cm. 

35 I I 1 


30-J 


25H 


20H 


15-^ 


lOH 


5H 


JAN • FEB, ’mARCH^ APRIL* MAY ' JUNE ^ JULY ^ AUG. ^ SEPT * OCT. ' NOV. ‘ DEcT 

Fi(i. 3. Kainfall at H.M. IVnal Settlement, River Mazanini. Monthly averap^w 
for the years 1920-9 ineliisive. 

than 5 cm. Duala (Cameroons), with a total of 404 cm., has two successive 
months with less than 8 cm., the driest month having only 4*8 cm. 

(c) Wind, humidity, etc. 

The north-east trade wind blows very constantly throughout the year: at 
night it tends to drop and to blow less constantly from the north-east. During 
the dry season especially, short but violent squalls of wind are common in 
the afternoon, but violent winds of long duration are unknown. During any 
such squall several trees can usually be heard to fall: this is the normal cause 
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of death of old trees. According to Wood the wind is sometimes focussed on 
small areas, and in one place (near Bartica) “the greater part of several 
hundred acres of Wallaba had been blown over” (7, p. 8). 

Thick mist and fog, according to the Indians and other observers, are rare. 
From our observation posts in the forest canopy (see p. 362) we often noticed 
light clouds lingering in the tree-tops at about 7-8 a.m. 

The humidity of the air is always high — mean at 7 a.m. (1920 9) 93-7 per 
cent., at 1 p.m. 78-8 per cent. The lowest mean monthly humidity at 1 p.ra. 
(near the driest time of day) during these years was 63-2 per cent. (March, 
1926): this was at the end of a drought, but the humidity often falls well 



Fia. 4. Humidity at H.M. Penal Settlement, River Mazaruni. Monthly averages 
for the years 1920-9 inclusive. 

below this figure on individual days. At night the humidity is high and varies 
little through the year, though in the day there are large variations according 
to the season. In the wet seasons the air is saturated or nearly so for long 
periods. 

At Manaos the mean monthly relative humidity is 77 per cent, in July 
and 81 per cent, in January, at Duala 92 per cent, in July and 85 per cent, in 
January. 

(d) Sunshine, 

The amount of sunshine is surprisingly small. For the ten years 1920-9 
the average daily amount was only 5*5 hours. During the dry seasons the 
monthly mean amount rises much above the yearly average (sunniest month 
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September with 6*3 hours per day), while during the wet seasons it falls far 
below it, June having an average of only 4-4 hours per day. During the dry 
season of 1929 we found that bright sunshine was uncommon in the afternoons 
and that in the mornings clouds were continually passing in front of the sun, 
so that it was often difficult to find times when there was bright sunshine for 
long enough to make light intensity measurements in the forest. 

(3) Seasonal periodicity of the vegetation. 

The climate of Moraballi Creek has a sufficiently well-marked periodicity 
in its rainfall for some seasonal periodicity to be expected in the vegetation, 
in spite of the small range of temperature. The internal climate of the forest 
is very much more uniform than that of the canopy (see p. 373), so it is in 
the latter alone that periodicity can be expected. 

The dominant species of trees are without exception evergreen, but a small 
proportion^ of the subsidiary species shed their leaves partly or completely 
during the dry seasons (some species probably do so independently of the 
seasons). The species showing the best marked deciduous periods are mostly 
tall trees which overtop the main level of the canopy. No deciduous bush- 
ropes*-^ or undergrowth trees were found. The dropping of the leaves is often, 
but by no means always, associated with flowering. The length of the bare 
period varies but seems always to be shorter than the length of the dry season^. 

Schomburgk (8, p. 258) considered that there were two well-marked 
flowering seasons in the year in the Guiana forest (viz. for the vegetation as 
a whole, not for individual species). The short rainy season, however, makes 
so slight a check that there is in effect a single flowering season lasting from 
September to March. Even at the height of the flowering season the number 
of trees in flower at one time is small. On the clear-felling plots (see p. 363), 
the felling of which lasted 19 days (in the middle of October), only 39 out of 
270 trees over 5 m. high were in flower or young fruit. Flowering seasons do 
not exist below the main canopy. The undergrowth trees and the herbs, except 
some of the saprophytes, can be found in flower at any time of the year. 

^ It is a pity that wn arc not able to giv(? any exact figures as to th(‘ percentage of deciduous 
and partly deciduous ti-ees in our area: it seems likely that there is a complete series of typ<*8 
from the entirely deciduous monsoon forests to the entirely evergn^en rain forests of the most 
hvgrophytic kind, if tliis is so, the proportion of deciduous species would give a useful index of 
the position of any particular type in the series. 

* Largo woody climbers are called “ bu8h-roi>e8 ” in the colony: this seems a better word 
than liane. 

® A few examples noted in 1929 may be given: 

(1) Hynienaea Courbaril L. (Locust). September 7th to 15th =8 days. 

(2) Sterculia pruriena (Aubl.) (Maho). September 9th to October 10th = 81 days. 

(3) Couratari pulchra Sandwith (Wadara). September 15th to Octolx^r 1st = 16 days. 

(4) Wadara, almost bare on August 27th. Quite bare on October Ist. Buds bursting on 
October 9th. Young leaves expanded, but not fully green on October 17th. Another individual 
of this species was observed in very young leaf on OctolaT 18th and in full leaf on November Ist. 
Evidently in tliis species the bare period is fairly simultaneous in different individuals. 
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( 4 ) Biotic factors . 

The effects of man are among the most important biotic factors even in 
such comparatively “natural” vegetation as the Guiana rain forest. 

Only a single family of Indians now lives on Moraballi Creek, but there is 
reason to believe that the population of the district was once greater than it 
is now, though it must necessarily have always been very sparse. The Indians 
of Guiana live by cultivating Cassava (Manihot utilissima Pohl.) as well as 
by hunting and fishing. Fields are made by clearing and burning the forest. 
One crop a year is obtained, and after taking two or three or exceptionally 
four or five crops the soil becomes exhausted, so that a new cassava field must 
be made. The old field may still be visited for a time to gather bananas, 
pineapples, etc. Each family needs about an acre (0*404 hectare). Only rarely 
is an old field used again after a lapse of time (probably chiefly because of 
the heavy labour of clearing the deuvse second growth), so it is clear that a 
considerable area of forest must have been cultivated at one time or another. 
Only a certain type of forest (called KabiokilW or “field ground”) on red 
loamy soil is used for making fields. Second growth on the site of an old field 
mainap'') can often be recognised by the presence of certain plants culti- 
vated by the Indians, notably bamboos {Dendrocalamus sp.) and certain 
palms. 

In modern times the commercial exploitation of the forest for timber has 
been far more important than Indian cultivation in modifying the forest. 
One of the most striking features of the Guiana forest from a forester’s point 
of view is, in Wood’s words, that “in a virgin tropical forest, with several 
hundred species of trees all struggling for supremacy, just a few should have 
gained a clear dominance over the others on large areas, and that those few 
by good fortune, happen to be the most valuable” (7, p. 2). The only species 
which have so far been exploited on a large scale are Greenheart (Ocotea 
Rodioei [Schomb.]) and Wallaba {E])erua falcata Aubl., E. grandiflora [Aubl.] 
and E. Jenmayii Oliv.). Greenheart is more resistant than any other known 
timber to the attacks of insects and marine borers and therefore fetches a 
high price: it is one of the colony’s most valuable exports. Crab wood (Carapa 
guianensis Aubl.) and Mora (Mora excelsa Bth.) are also worked but on a 
small scale only. The rapids on the rivers have been a great obstacle to the 
commercial exploitation of most of the forests of the interior, especially as 
the Guiana timbers, like most tropical hardwoods, do not float in water. 

Moraballi Creek, however, lies in the accessible region below the first falls 
of the Essequibo and has been worked for greenheart intermittently for at 
least 80 years. There were in 1929 two timber grants on the creek and in both 
only greenheart was cut. Greenheart occurs as a dominant (over 40 per cent, 
of all the trees above 16 in. [41 cm.] diameter) and also as a subordinate 
species in other types of forest. Forest with over 150 cu. ft. per acre 
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(10-5 cu. m. per hectare) of greenheart is considered commercially work- 
able. As the pure greenheart forests do not cover a large area and are often 
found on ridges inaccessible from the main creek most of the greenheart 
working consists simply of cutting out large trees here and there, not of anything 
like clear felling. Though the losses are not quickly replaced, in spite of the 
abundance of seedlings, this has probably not affected the forest in general 
very much. Indeed it might be supposed that except for lessening the proportion 
of large greenheart trees the exploitation had no more effect than the falling 
of old trees in the course of nature. However, when a tree is cut down it nearly 
always knocks down or breaks several surrounding smaller trees (often a tree 
is so bound up to other trees by bush-ropes that it will not fall unless they 
are also cut) and a fair sized opening is formed, which may be colonised by 
light-demanding second-growth species, whereas when an old tree falls many 
of its branches have already fallen off and its wood has been softened by fungi 
and termites, so that it hardly damages the surrounding vegetation. 

Old logs and stumps of greenheart decay extremely slowly, lasting un- 
changed for many years. It is therefore always possible to tell where the 
forest has been worked and to allow for the fact in ecological study. 

In spite of all this interference, however, a great part of the forest of our 
area was undoubtedly in its primitive state. 

During drouglit years epidemics of forest fires break out. There were a 
few small burnt patches in our area. There are no other perceptible effects of 
man in the forest. Of tlie other biotic factors it is impossible to say anything, 
as next to nothing is known of their effects on the vegetation. Though there 
are many species of herbivorous mammals, e.g. tapirs, sloths, deer, mice, the 
total number of individuals is so small that their effect on the vegetation is 
probably negligible. 


III. The structure of the rain-forest community. 

The rain forest of our area was not floristically homogeneous, but was 
found to consist of a regularly graded series of types, called respectively Mora, 
Morabukea, Mixed, Greenheart and Wallaba. The first and the last of these 
stand rather apart from the rest and have certain characteristics in common, 
above all the relatively high light intensity in the undergrowth : we therefore 
group them together as the extreme types. The other three types are very 
similar in most respects and the light intensity in the undergrowth is low in 
all of them : these we call the central types. 

In Part II the characteristics of these types will be described and their 
relation to edaphic factors will be pointed out. Since, however, the five types 
are very similar in structure, a description can be given of the strata and 
other synusiae (i.e. groupsof plants occupying approximately the same 'niche '") 
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composing the forest community which will apply to all of them. A first 
analysis may be made into : 

(1) Plants not dependent on others for mechanical support (trees, shrubs 
and herbs), (a) autotrophic, (6) heterotrophic. 

(2) Climbing plants. 

(3) Epiphytes, (a) autotrophic, (b) heterotrophic. 

The first group can be divided into a number of strata, the others less easily. 
It is clear that the structure of the community depends mainly on competition 
for light and that the three groups just distinguished are merely three different 
ways of solving the light problem. 

(1) Stratification of trees, shrubs and herbs. 

It is at once evident on entering the forest that there is a small herb stratum 
and a tall herb and shrub stratum, but how many tree strata there are 
is not easily decided by observation from the ground, owing to the great 
density of the vegetation. Most observers of tropical forests have spoken of 
a large number of strata of trees; thus Chipp ( 9 , p. 207) says that in the African 
rain forest “the canopy consists of three strata or tiers, whilst a fourth and 
lowest stratum includes the smallest trees and biggest shrubs,’’ and Benoist(lO) 
in the forests of French Guiana recognises, (i) a stratum of trees 30 40 m. 
high, (ii) an “ ctage dornind'' of trees 10-25 m. high, (iii) a stratum of “ arhustes ” 
a few metres high. Our preliminary observations on the forests of our area 
showed that there was a distinct undergrowth stratum of small trees probably 
corresponding to Chipp’s lowest stratum and Benoist’s “arbiistes” and there 
was also a main canopy at about 30 ni. It was thought that more intensive 
study might resolve the latter into two or more strata and that other strata 
might be discovered between the small tree stratum and the canopy. 

The first method tried was climbing tall trees. From the observation posts 
established by the zoological members of the expedition it was possible to 
look down on large areas of the canopy from exceptionally tall trees. PI. XXll, 
phot. 1 shows the appearance of the canopy from an observa^tion post at 1 10 ft, 
(33-6 m.) in forest of the mixed type. The following is a copy of field notes 
on the view from this point made at the time: “ There is no definite flat-topped 
canopy: there are two more or less clear [upper] layers, but they are both 
discontinuous, so the general effect is very uneven. Any two tall trees may 
be separated from one another by one or more lower trees. The lower trees 
do not grow under and are not much overshadowed by the higher. Practically 
all the lower trees of the canopy are covered and bound together with lianes. 
Apart from the ordinary upper canopy trees there are rare ones which tower 
far above all others. Two such outstanding trees were seen [one of these can 
be seen in PI. XXII, phot. 1] whose whole crowns were well clear of all the 
surrounding trees.” There was no sign of a stratum between the canopy and 
the clearly marked layer of small trees about 5 9 m. high. 
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Further information about the stratification was obtained by clear felling 
a number of plots of forest and measuring all the trees on them. Two plots 
200 X 25 ft. (61 X 7*6 m.) and one 400 x 25 ft. (122 x 7*6 m.) in forest of the 
Mixed type were felled. 

The plots were marked out with cords with the help of a prismatic compass. 
On the two smaller plots all undergrowth less than 15 ft. (4*6 m.) was then 
cleared away and on the large one all less than 40 ft. (12*2 m.). Next the 
smaller trees were cut down with a cutlass and measured. Finally the big 
trees were felled with an axe in a carefully selected order so that the larger 
ones should not crush the smaller in falling. A good deal of trouble was caused 
by bush-ropes which often prevented a tree from falling when it was cut right 
through and it was sometimes necessary to fell a tree outside the plot which 
was holding up others. The height of the lower limit of the crown of each tree 
(i.e. the lowest leaves, neglecting stray twigs) was measui*ed, as well as the 
total height, and the vernacular name of the species was obtained from the 
Indian wood-cutter. The flowers or fruit when present were collected and notes 
were made on the epiphytes and bush-ropes. 

The measurements for the three plots are given in Table 1. 

Table I. Trees on clear-felling plots [Mixed forest). 

Tho clear-felling plots formed part of the sample plot of Mixed forcvst and identifications 
of the vernacular names will therefore be found in Table X (Part IT). 

-in flower or young fruit. 

Plot 1 (200 X 25 ft. -c. (il X 7 f) m,). All trees over 15 ft. (4 0 rn.) high measured. 


(a) Trees of species which when mature are usually over 90 ft. (27 m.) high. 


Native name 

Height 
of first 
leaves 
ft. 

Total 

height 

ft. 

Native name 

H eight 
of first 
leaves 
ft. 

Total 

height 

ft. 

Assijxiko 

02 

95 

Kakaralli, smooth leaved* 

30 

05 

Assipokoballi, broad leaved 

i:i 

10 

yy yy 

9 

17 


15 

27 

yy yy 

9 

16 

Hahurada, Sandhill 

7 

18 

yy yy 

29 

59 

tf 

0 

18 

Karahoro 

99 

112 

Baroinalli 

20 

50 

Kauta 

19 

36 


15 

10 


18 

28 

*9 

53 

91 


12 

34 


16 

18 


13 

16 

yy 

45 

25 


13 

23 

Determa 

01 

100 

Kautaballi 

47 

60 

Greenheart 

22 

77 

yy 

32 

63 

r» 

15 

38 


15 

19 

yy 

55 

107 


11 

17 

y* 

17 

26 

yy 

28 

37 

yy 

29 

68 

* 

yy 

44 

90 

yy 

11 

19 


32 

60 

yy 

14 

31 


20 

23 

yy 

22 

38 


63 

92 

yy 

19 

54 

* 

yy 

30 

106 

yy 

13 

44 

Keriti 

12 

22 

Kairima 

13 

22 

Maiishiballi 

17 

29 

Kakaralli, oommon 

35 

68 

yy 

14 

20 

yy yy 

14 

27 

Silverballi, Buradie 

18 

35 

* 

yy yy 

60 

92 

yy »» 

11 

18 

yy yy 

80 

106 

Ulu 

11 

20 

yy yy 

Joum. of Boology XXI 

21 

31 



24 
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Plot 1 (contd.). 


(6) Trees of species which when mature are usually 60-90 ft. (18-27 m.) high. 



Height 


Height 

Total 


of first 

Total 

of first 


leaves 

height 

leaves 

height 

Native name 

ft. 

ft. 

Native name 

ft. 

ft. 

Aiamorakushi 

56 

82 

Kairiballi 

12 

22 

Arara* 

40 

76 

f$ 

16 

22 

>ii 

46 

70 

ff 

14 

21 


11 

16 

♦ 

ff 

67 

92 


13 

16 

9P 

8 

18 

Awassakuli, big kind 

33 

41 

$9 

12 

25 

t9 ff 

10 

17 

Kirikowa 

10 

18 

Baniaballi 

16 

31 

99 

19 

21 

Kairiballi 

16 

30 

Kokoritiballi 

12 

21 

99 

42 

66 

Kulashiri, big kind'** 

34 

41 

99 

13 

18 

Trisyl 

20 

60 

99 

20 

31 

♦ 

57 

83 

99 

20 

35 


11 

18 

99 

9 

21 




(c) Trees of species which when mature are 

usually under 60 ft. (18 m.) high. 



Buri 

9 

20 

Yarri-yarri, fine leaved 

ff 

6 

18 

99 

11 

16 

9 

19 

99 

8 

19 

99 »» 

6 

20 

Kumaramara, brood leaved 

22 

38 

99 99 

7 

26 

( )kokonshi, fine leaved 

7 

16 

99 99 

4 

20 

ff *» 

11 

19 

99 99 

9 

30 

»> »» 

11 

20 

99 99 

4 

15 

» 9» 

15 

30 

(Unknown “B”) 

17 

31 

Yarri-yarri, fine leaved 

6 

27 



(d) Trees of species whose usual mature height is unknown. 



(Unknown: like Kiiyama) 

26 

38 

(Unknown) 

24 

39 

(Unknown) 

20 

23 

(Unknown) 

13 

18 

(Unknown) 

72 

89 



Plot 2 (200 X 25 ft. = 

c. 61 X 7*6 m,). 

All trees over 15 ft. (4*6 m.) high measured. 


(a) Trees of species which when mature are 

usually over 90 ft. (27 m.) high. 




Height 



Height 



of first 

Total 


of first 

Total 


leaves 

height 


leaves 

height 

Native name 

ft. 

ft. 

Native name 

ft. 

ft. 

Arumatta 

36 

80 

Kauta 

16 

24 

Baradan 

36 

39 


16 

29 


88 

119 

99 ? 

7 

20 

Baromalli 

18 

18 

99 

47 

72 

79 

11 

17 


67 

95 

Duru* 

79 

101 


26 

46 

Pukadi, broad leaved 

27 

c. 50 

Kautaballi 

6 

23 

Greenheart 

23 

41 

9» 

18 

29 

99 

32 

56 

99 

10 

18 

99 

23 

45 

99 

12 

21 

99 

8 

21 

99 

32 

52 

99 

10 

22 

Kurokai 

12 

23 

99 

14 

26 

Maho, fine leaved 

25 

25 

Hiowaballi 

27 

56 

99 99 

30 

30 

Kakaralli, common 

10 

18 

99 9 9 

46 

46 

♦ 

99 99 

58 

101 

99 99 

43 

49 

♦ 

99 99 

88 

124 

Manniballi 

20 

24 

99 99 

42 

56 

Marishiballi 

12 

18 

„ smooth leaved 

8 

22 

99 

24 

39 

99 99 

13 

21 

99 

28 

33 

99 99 

23 

42 

99 

44 

72 

99 97 

6 

18 

Shibadan 

17 

26 

99 99 

6 

19 

Silverballi, Gingergale 

25 

31 

99 99 

43 

116 

„ bro^ leaved white 

12 

18 

** >* 

45 

91 

99 99 

46 

65 

99 99 

66 

103 

Suradan 

38 

49 

Karahoro 

63 

67 

Wadara 

63 

85 
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Plot 2 (cantd.). 



(6) Trees of species which when mature are usually 60-90 ft. (18-27 m.) high. 




Height 



Height 



of fi^t 

Total 


of first 

Total 


leaves 

height 


leaves 

height 

Native name 

ft. 

ft. 

Native name 

ft. 

ft. 

Arara 

— 

35 

Okokonshi, broad leaved 

18 

23 

ft 

28 

53 

It It 

23 

32 

ft 

20 

27 

tt It 

71 

82 

Kairiballi 

38 

45 

Table Tree"** 

— 

98 

ft 

13 

18 

It 

68 

81 


11 

16 

It 

69 

87 

ft 

10 

17 

Trisyl 

15 

32 

Kakaralli, fine leaved 

6 

19 

It 

13 

21 

ft ft 

16 

29 

It 

20 

23 

ft tt 

7 

20 

tt 

12 

26 

Kulashiri» common 

20 

20 

It 

21 

26 

ft »t 

29 

34 

Warakusa 

19 

39 

Okokonshi, broad leaved 

15 

27 




(c) Trees of species which when mature are usually under 60 ft. (18 m.) high. 



Adebero 

16 

26 

Okokonshi, fine leaved 

6 

18 

tt 

13 

19 

tt ft 

9 

22 

>> 

10 

16 

tt tt 

6 

18 

ft 

4 

15 

tt tt 

12 

22 

Akarako 

10 

17 

>> »» 

14 

24 

Buri 

18 

29 

tt It 

7 

20 

Kurihikoyoko* 

9 

16 

tt 

6 

17 

7 

19 

tt tt 

27 

36 

* 

tt 

6 

17 

Palm, blow -pipe 

26 

26 

* 

tt 

8 

17 


(three shoots) 

* 

7 

18 

Unknown ‘‘A” 

7 

16 

Okokonshi, fine leaved 

6 

20 

It 

11 

28 

tt tt 

27 

54 

It 

10 

29 

tt tt 

11 

21 

tt 

11 

24 

(d) Trees of species whose usual mature height is unknown. 



Awassakuli (unknown kind)'*' 

24 

33 

Unknown (like Suradan) 

28 

32 

llnknown (like Suradan) 

23 

23 

Unknown 

35 

55 

tt It 

25 

29 




J’lota (400 x25 ft. -c. 

122 X 7’6 m.). All trees over 40 ft. (12-2 m.) high 

measured. 


(a) Trees of species which when mat\ire are usually over 90 ft. (27 m.) high. 





Total 


Total 



height 


height 

Native name 


ft. 

Native name 

ft. 


Assipoko 


49 

Kauta 

68 


Baradan 


136 

Kautaballi 

68 


Groenheart 


44 

* 

tt 

71 


Kairima 


56 

* 

tt 

102 


Kakaralh, common'*' 


83 

tt 

80 


« 

f* It 


96 

tt 

87 


tt It 


91 

It 

43 


It tt 


66 

It 

71 


tt tt 


118 

It 

84 


„ smooth leaved 

49 

Maho, fine leaved 

62 


It tt 

* 

85 

Manniballi 

89 


tt tt 

4t 

94 

♦ 

It 

131 


tt It 


79 

Maiishiballi 

42 


tt It 

* 

74 

Shibadan 

112 


tt It 


61 

It 

64 


Kauta 


86 

Shirua 

79 


It 


60 

SilverbaUi, Kurahara 

80 


It 


108 

Yaruru* 

137 


tt 


100 

M 

60 
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Plot 3 (contd.). 

(fj) U'reos of species which when mature are usually 60-90 ft. (18-27 m.) high. 



Total 


Total 


height 


height 

Native name 

ft. 

Native name 

ft. 

Arara* 

60 

Kirikowa* 

71 

ff 

54 

Trisyl 

58 

BaniabaUi 

76 

»» 

50 

ff 

80 

* 

89 

Barabara* 

79 

tf 

82 

Kairiballi 

65 

Turn (Palm)* 

86 


52 

* 

9f »» 

84 

f9 

55 

Warakusa 

c. 53 

9 9 

87 




(c) Trees of species which when mature are usually under 60 ft. (18 m.) high. 

Unknown ‘"A”* 48 

(d) Trees of species whose usual mature height is unknown. 

Unknown (like Assipokoballi)* 103 

The heights were first plotted in height-intervals of 1 ft. (the original 
measurements having been made in feet) : later they were grouped into height- 
intervals of 10 ft. In either case a curve of similar type is obtained. Table II 
gives the results in the second form and in Fig. 6 the same results are ex- 
pressed graphically. Other data are given in Tables III and IV. 

Table IL Total heights of trees on the dear felling plots 
grouped in intervals of \0 ft. 

Totals for two plots each 200 x 25 ft. (c. 61 x 7-6 m.) and one 400 x 25 ft. (r. 122 x 7*6 in.). 
On the two small plots all trees over 15ft. (4-6 m.) were measured: on the largo plot (half the 
total area) only trees over 40 ft. (12-2 m.) wore measured, so in the “16-25,” “26-35” and 
“36-45” height-intervals the total- have been doubled, while the three trees on the large plot 
between 40 and 46 ft. have been left out. 


Number of individuals of species whose 
usual mature height is 


Height 

Under 60 ft. 

60-90 ft. 

Over 90 ft. 



ft. 

(18 m.) 

(18-27 m.) 

(27 m.) 

Unknown 

Total 

16- 25 

62 

46 

74 

6 

188 

26- 35 

24 

26 

34 

6 

90 

36- 45 

4 

8 

20 

4 

36 

46- 55 

2 

7 

9 

1 

19 

56- 65 

0 

3 

16 

0 

19 

66- 75 

0 

3 

11 

0 

14 

76- 85 

0 

10 

10 

0 

20 

86- 95 

0 

5 

12 

1 

18 

96-105 

0 

1 

6 

1 

8 

106-115 

0 

0 

7 

0 

7 

'116-125 

0 

0 

4 

0 

4 

126-135 

0 

0 

1 

0 

1 

136-146 

0 

0 

2 

0 

2 


N.B. Since the original measurements are given to the nearest foot, e.g. 17 ft. 9 in. and 
17 ft. 6 in. both counting as 18 ft., the height-intervals “ 16-25 ft.” includes heights between 
15 ft. 6 in. and 25 ft. 5 in. The smallest height-interval therefore has to be “ 16-25 ft.,” not 
“15-24 ft.,” as trees between 14 ft. 6 in. and 15 ft. were not measured. 

The curve for the total heights shows that there is a well-marked under- 
growth stratum, ending rather abruptly above at about 46 ft. (14 m.). The 
greatest number of individuals in the main canopy comes in the 76-86 ft. 
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(23-2-25*9 m.) height-interval. Above 95 ft. (29 m.) the curve falls off steeply, 
representing the relatively few but very large trees of the upper part of the 
main canopy. There are some indications of a maximum on the curve in the 
56-65 ft. height-interval, but it is probably not significant. The curve for the 
heights of the first leaves shows that the lower limit of the main canopy is 
in the 56-65 ft. (17-19*8 m.) height-interval. 

Heij[ht intervals 
in feet 



Fkj. 5. Total heightn and heights of first leaves of trees on clear-felling plots. The continuous 
line represents distribution of total heights among the height intervals, using figures in last 
column of Table II. The broken line represents distribution of heights of first leaves. To obtain 
th(^ curve the figures in last column of Table III have been multiplied by 2. 

Table III. Heights oj first leaves of trees on the clear-felling plots 
grouped in intervals of 10//. 

Measurements were made to the first leaves of the crown, neglecting leaves on stray twigs. 

Totals for two plots each 200 x25 ft. (r. 01x7 (im.). The height of the first leaves was 
measun*d on all trees over 15 ft. (41) ra.) high, except on two which were damaged in felling. 

Number of individuals of species whose 
usual mature height is 


Height 

Under 60 ft. 

60-90 ft. 

Over 90 ft. 



ft. 

(I8m.) 

( 18 -27 m.) 

(27 m.) 

Unknown 

Total 

Under 10 

37 

21 

28 

1 

87 

16- 25 

4 

15 

23 

5 

47 

26- 35 

3 

4 

15 

3 

25 

36- 45 

0 

4 

11 

0 

15 

46- 55 

0 

0 

6 

0 

6 

66- 65 

0 

3 

7 

0 

10 

66- 75 

0 

3 

2 

1 

() 

76- 86 

0 

0 

2 

0 

2 

86- 95 

0 

0 

2 

0 

2 

96-ia5 

0 

0 

1 

0 

11 
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Table IV. Numbers of trees in flower or young fruit on the clear-felling plots 
grouped in height-intervals of ft. 

Totals for two plots each 200 x 25 ft. (c. 61 x7-6 m.) and one 400 x 25 ft. (c. 122 x 7 6 m.). 
On the two small plots all trees over 15ft. (4*6 m.) wore measured: on the large plot (half the 
total area) only trees over 40 ft. (12*2 m.) were measured, so in the “16-25,” “26 -.‘15” and 
“36-45” height-intervals the totals have been doubled. The three trees on the large plot liet ween 
40 and 46 ft. (none of which was in flower) have been left out. 

Total as 

Number of individuals in flower or young fruit % of total 

of species whose usual mature height is number of 

^ > trees in 

Height Under 60 ft. 60-90 ft. Over 90 ft. height- 

ft. (18 m.) (18-27 m.) (27 m.) Unknown Total interval 

16- 25 8 0 0 0 8 5 

26- 35 0 0 0 2 2 2 

36- 45 0 2 0 0 2 6 

46- 55 10 0 0 1 5 

56- 65 0 1 1 0 2 10 

66- 75 0 2 2 0 4 29 

76 - 85 0 6 4 0 10 50 

86- 95 0 4 4 0 8 44 

96-105 0 1 4 1 6 75 

106 115 0 2 0 0 2 29 

116-125 0 1 0 0 1 25 

126-135 0 0 1 0 1 100 

136 145 0 0 1 0 I 50 

There is thus very little evidence for the existence of a stratum between 
tlic undergrowth and the main canopy. 

The analysis of trees in each of the height-intervals into groups atjcording 
to their usual mature size shows several interesting facts. Only about a third 
of the trees in the undergrowth stratum belong to species which spend all 
their lives at that level, the majority are young individuals of canopy species. 
Though the majority of the undergrowth species do not reach a greater height 
than 35 ft. (10*7 rn.), exceptional individuals may reach the 10 55 ft. (14 
17*8 m.) class. The species of the 60-90 ft. (18 -27 m.) group reach their second 
maximum of numbers at 76-85 ft. (23*2 25*9 m.), but here again exceptional 
individuals may reach greater heights. The “over 90 ft. (27 m.)“ group are 
rather irregularly distributed in the upper height-intervals. Both the 60-90 ft. 
and the “over 90 ft.” groups have a fairly well-marked minimum of Tiumbers 
in the region between the undergrowth level and the canopy, suggesting that 
once a tree gets clear of the undergrowth it grows relatively rapidly up to the 
canopy. It is clear, however, that the stratification is very irregular and ill- 
marked, as can also be seen from the diagrammatic profile in Fig. 6. 

The figures for the numbers of trees in flower, though small, show one or 
two facts relevant to the question of stratification. There are two distinct 
flowery layers, separated by a well-marked flowerless region. The species of 


Fig. 6. Diagrammatic profile of a strip 135 ft. (41 ra.) long and 25 ft. (7*6 m.) deej) on a (dt^ar- 
feUing plot (Mixed forest). A few trees are completely hidden from view by others standing 
in front of them. The positions, total heights, heights of the lowest branches and lowest 
leaves, and the diameters at breast height are based on actual measurements. 



370 The Vegetation of Mo rahaUi Creek, Brituh Guiana 

the ‘‘under 60 ft.’’ group flower when in the smallest height-interval ( 16-26 ft.) 
and form the lower layer. The maximum flowering region in the canopy is 
the 76-86 ft. (23-2-25-9 m.) height-interval, which is the region of the maxi- 
mum number of individuals. When the numbers of trees in flower are expressed 
as a percentage of the total number of individuals in each height-interval, a 
striking result is obtained. The percentages show a sudden sharp increase at 
the 56-66 ft. (17-19-8 m.) height-interval, i.e. at the lower limit of the canopy, 
and the percentage remains uniformly large above that height. The low per- 
centages in the lower layers are no doubt due to the preponderance of young 
trees there and also to the fact, already referred to (p. 369), that the under- 
growth species flower continuously and have no well-marked flowering season, 
so that the number of individuals in flower at any one time is always bound 
to be small. 

We can therefore describe the stratification of the trees and shrubs as 
follows : 

There is a canopy of trees averaging about 24 m. high. Out of this general 
level many trees raise themselves^ incompletely to heights of up tc 42 m., 
that is, though the upper part of the crown is raised far above its neighbours, 
the lower part is not separated by a space from the general mass of foliage. 
These taller trees have a tendency to grow together in groups‘^, which was 
noticed many times in forest of all types (see Fig. 6). As there is no 
discontinuity separating the taller from the lower trees of the canopy 
they cannot be considered distinct strata, though a floristic division can be 
made into species rarely exceeding 27 m. and species commonly taller than 
27 m. 

Besides these very tall trees there are outstanding trees whose whole crown 
is lifted clear of all its neighbours. Such trees are sparingly spread through 
the forest (probably never more frequent on the average than 1 per sq. km.). 
The average height of such trees is about 43 m. The highest three measured 
by us were C our atari pulchra Sand with (Wadara), 43-1 m., Terminalia Tani- 
bouca Rich. (Fukadi), 44-9 m. and Mora Gonggrijpii (Kleinhoonte) (Mora- 
bukea), 43-6 m., but we saw trees which were probably higher and good 
authorities state that trees up to 60 m. are known in Guiana. Our measure- 
ments are of the same order as those of Spruce who says the highest tree 
measured by him in the whole of his travels on the Amazon was 47-9 m.^ 
( 11 , vol. 1 , p. 18). These outstanding trees belong to peculiar species, which 
are rarely found in the main canopy (the Morabukea quoted above is an 

^ It is likely that in forest types with single dominant species the canopy is very much more 
even than in the mixed forest of the clear-felling plots. 

2 The explanation of this phenomenon which was suggested in the field was that these groups 
represent holes in the canopy made by the death of a very large old tree which has stimulated 
the growth of the surrounding trees. 

® This figure is also of the same order as those given by Schlioh (12) for the extreme heights 
of deciduous trees in Europe. 
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Phot. A’. M . <r. H ingstoti . 


I’hot. I . I'ljc can()])\' (Mixed and Morabukea forest) seen from an ol)ser\'ati(m 
])ost at alxnit 34 in. On the horizon at the extreme right an ‘'outstanding ’’ 
tr(.'(.‘ can be seen. 



Phot. J . P. DuiiicU. 

Idiot. 2. Undergrowth of Mor^i. forest. Tlie buttressed tree is Mora c.xccha 
Bth, belonging to upper part of canopy. Note habit of small tree to the right 
(Du^uetia sp.) which is characteristic of trees of the undergrowth stratum. 
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exception), the commonest being Couratari pulchra Sandwith (Wadara), 
Hymenaea Courbaril L. (Locust), Mimusops sp. (Balata), Peliogyne piibescens 
Bth. (Purpleheart)^ and Bombax spp. (Silk Cotton). 

Buttressing is a common feature among outstanding and canopy trees. 

There is a well-marked undergrowth stratum of trees up to about 14 m. 
high. About half the trees in this layer are young individuals of canopy 
species, but the proportion of true undergrowth species to young canopy 
species varies in different types of forest. Among the true undergrowth trees 
the family Annonaceae is by far the most important [Duguetia and Anaxagorea 
spp. etc.), but the habit of all of them, whether young individuals of canopy 
species, Annonaceous or other true undergrowth species is very uniform and 
characteristic. The conical shape and numerous short horizontal branches are 
shown well in PI. XXII, phot. 2 and in Fig. 6, though a few species (e.g. 
Psychotria spp.) have a more spreading form. 

None of the true undergrowth tree species are buttressed, but young speci- 
mens of canopy species often develop buttresses before reaching the canopy. 
The whole question of buttressing will be discussed in Part II. 

Between the canopy and the undergrowth strata is a region occupied 
only by immature trees on their way up to the canopy and by exceptionally 
tall individuals of undergrowth species which stand out above the under- 
growth stratum much as Purplehearts and Wadaras stand out above the 
canopy. 

The red or nearly colourless, limply hanging type of young leaf is a feature 
of the woody plants of the forest at all levels equally. It is not confined to 
the undergrowth. 

Below the lowest tree stratum two ill-defined, layers of small undergrowth 
may be distinguished^; 

(i) A layer of small shrubs and tall herbs whose average height is a little 
over I m. To this belong some small palms {Bactris simplicifrons Mart, and 
other species), Cephaelis molaeea (Aubl.), several abundant species of Maranta- 
ceae and various large ferns such asAmphidesmium rostratum (H.B.K.) and some 
small tree-ferns, but nearly always it consists mainly of small tree saplings. It 
is a characteristic of the Morabukea type of forest that this layer consists of a 
dense level growth of saplings of the dominant canopy tree species excluding 
almost everything else. 

(ii) A layer of tree seedlings and small herbs up to about 40 cm. high. 
Here again the true inhabitants of this layer are mostly scattered and form 
an insignificant proportion of the total bulk of vegetation. Seedlings of the 

^ This remarkable tree was rare at Moraballi, probably because it had been cut out by the 
Indians who value its bark highly for making “wood-skin” canoes. Our Indians told us that at 
Tapakuma Lake on the Pomeroon River, where Purpleheart is abundant, the trees stand out 
above the forest “like umbrellas.” 

• In some types of forest (notably in the Mora type) two layers are hardly tlistinguisliable. 
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dominant canopy tree species are exceedingly abundant in all the drier types 
of forest and occasionally form a layer of closed vegetation. Among the true 
herbs three societies may be recognised. 

(a) Society of green flowering herbs, whose abundance is proportional to 
the amount of light penetrating through the upper layers. Most of the con- 
stituent species have a good tolerance of exposure to strong light and imme- 
diately become very abundant wherever the canopy is temporarily removed 
as in the openings made by felling large trees. In the greater part of the 
forest, especially the three central types (see p. 361) where the shade on 
the floor is intense this society is completely lacking. Many of its members 
show a strongly marked social habit (especially Leandra divaricata [Naud.] 
which spreads by stolons and forms dense patches much like Circaea hde- 
tiana L. in an English wood). All the grasses of our area, excepting one tall 
species {Olyra micrantha H.B.K.), belong to this society, but they are not 
abundant enough to be conspicuous'. 

(b) Society of saprophytes. This society differs from the last in being appa- 
rently shade loving (being confined to the shadiest spots of the forest floor) 
not light loving. It occurs in scattered patches where the dead -leaf layer is 
thick (usually only when it is over 4 cm. thick). The conditions for its existence 
(i.e. shade and abundant humus) are only found at all regularly in the “ central ” 
types of forest (above all in the Morabukea type), but isolated individuals of 
certain members live in the “extreme" types and in parts of the “central" 
types where the society as such does not occur. The constituent species are 
various Burmanniaceae, Gentianaceae and one orchid, Wullschlaegelia calcarata 
Bth.2 The only green plant is a small fern, Schizaea flurninensis Miers, which 
must almost certainly be largely saprophytic, as in spite of the fact that the 
lamina is under 4 mm. wide and 3 cm. long (the height is about 2-3 dm.), it 
habitually lives in the most intense shade. It is always found on thick humus 
associated with colourless saprophytes: it is tuberous. One parasitic herb, 
Helosis cayennensis (Swartz) (Balanophoraceae) occurred, though very rarely, 
in our area. 

(c) Society of ferns. This is intermediate between {a) and (6) in its demands, 
since many of its members cannot stand exposure to direct sunlight (other 
than sun-flecks) and it is more shade tolerant than {a) though less so than (6). 
It is the most extensive of the ground societies in the central types of forest 
but poorly developed in the extreme types. 

^ A possible explanation of the scarcity of grasses in the undergrowtli of tropical rain forests 
is the extreme stillness of the air, which may make wind pollination uncertain. It is perhaps 
significant that one of the forest grassesi, Pariana radiciflora Sagot ex Doell. was observed by 
us to be habitually visited by insects {Melipona spp. and Phorid flies). The flowers have ton 
stamens with large yellow anthers so that the spikes are very conspicuous. 

2 Some of the other ground orchids though green may be hemi- saprophytes and really belong 
to this society; they tolerate fairly deep shade. 
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(2) Stratification of climate within the forest. 

Having described in detail the stratification of the plants which are not 
dependent on others for mechanical support, some idea should now be given 
of the internal climate determined by the vegetation itself and of its stratifi- 
cation, The stratification of the plants which are dependent on others for 
support will be described afterwards, since it is quite clearly mainly deter- 
mined by the stratification of the internal climate : thus the stratification of the 
“independent'’ plants is a response to the general climate of the region, while 
that of the climbers and epiphytes is mainly a response to the stratification 
of climate produced by the other members of the community. 

It is not possible to give here a quantitative description of the internal 
climate of the rain forest of our area as we did not make regular meteoro- 
logical observations, but Allee ( 13 ) and McLean ( 14 ) obtained some data for 
the rain forests of Panama and South Brazil respectively and many of their 
conclusions doubtless apply equally to our area. A few points may however 
be emphasised here. 

The most striking feature of the internal climate is the extraordinary con- 
stancy of physical conditions in the lower layers of the forest. As Allee says: 
“The animals of the lower forest... would need only to avoid the higher tem- 
perature, light intensity and lower humidity of the sun flecks in order to 
keep under conditions so constant that they must excite the envy of evei v' 
experimental ecologist with experience in trying to control environmental 
factors for land animals in a laboratory” ( 13 , p. 299). This uniformity of 
conditions diminishes upwards, till in the upper part of the canopy it is no 
greater than that of the general climate of the region, which, though it shows 
little seasonal change, has relatively sharp differences between day and night. 
The diminution of uniformity with height above the ground is not constant, 
but according to McLean (and this must be true of our forests also) changes 
sharply as soon as the stratum of undergrowth trees is passed. 

The factors which are most strikingly different in the internal and general 
climates are temperature, wind, humidity and light. T emperature shows much 
smaller day and night variations in the forest undergrow th than in the upper 
layers and outside. Wind shows one of the most striking gradients. In the 
canopy a gentle wind blows almost continuously, at least during the day, so 
that flexible leaves are alw^ays moving: in the undergrowth the air is normally 
so still that smoke rises quite vertically and loose scraps of paper are never 
moved. Squalls such as often blow for a few seconds before rain may penetrate 
deeply enough into the forest to cause leaves in the undergrowth to stir. 
During a spell of dry sunny weather in October, 1929, there was such a strong 
wind that on several mornings leaves near the ground were kept in motion for 
several hours on end. Such breezes in the undergrowth have a marked drying 
effect on the mosses and epiphyllae. Some measurements were made which 
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give some idea of the gradients of temperature and humidity (Table V). The 
two trees from which observations were made were partly cleared of bush- 
ropes so the values are probably abnormally low. 

No measurements were made of the light gradient, but some values can be 
found in Alice’s paper ( 13 ). The light intensity near the ground varies widely 
according to the forest type, as will be shown later, but it is important to 
notice that even in the shadiest type of forest numerous sun-flecks reach the 
forest floor. 

A mature forest tree will therefore live under conditions very widely 
different from those it lived under when it was young and it is not surprising 
that in some forest types species which may be very abundant as young plants 
are quite absent as mature individuals, e.g. Jessenia oligocarpa Griseb. et 
H. Wendl (Turn Palm) in Wallaba forest. 

(3) Stratification of climbers. 

Under the heading of climbers we here include some plants whose primary 
roots do not reach the ground, but since their mature growth-form closely 
resembles that of the true climbers they belong to the same ecological group. 
All such plants are included under the local name of “bush-rope.” 

The climbers are stratitied into three layers: 

(а) Climbers reaching the canopy. These climb over even the tallest trees 
(often to over 40 m. from the ground) of the main canopy, but were not 
observed on outstanding trees. They bear few or no leaves below the canopy. 
Three chief groups can be recognised, but they differ morphologically more 
than in their general relations to the environment: (i) Typical Hanes, most 
of which are twiners, having massive woody stems, e.g. Bauhinia spp., 
Strychnos spp., Dioclea glabta Bth., Arrahidea candicans Rich, and many other 
Bignoniaceae: Marcgrama spp. d^ndSouroiibea guianensis Aubl. are exceptional 
in attaching themselves by aerial roots, (ii) Root climbers with slender stems. 
The very abundant species Schlegelia molacea (Aubl.) and some Araceae are 
included : most of this group do not reach higher than the crowns of the lower 
trees in the canopy, but Schlegelia was twice noted climbing to 42 m. (iii) Epi- 
phytic trees and shrubs sending massive aerial roots to the ground. To this 
group belong Clusia of which several species were very abundant in most 
types of forest, Coussapoa fagifolia Klotzsch and Ficus spp. 

(б) Climbers on undergrowth trees and on the lower part of canopy trees. 
All of these are more or less herbaceous, e.g. Lygodium micans Sturm., Sal- 
pichlaena Hooheriana (0. Ktze.), Carludovica coronata Gleason, Smilax spp., 
Desmoncus sp. (a scrambling palm). 

(c) Small herbaceous climbers never reaching a greater height than 3 m., 
e.g. Trichomanes pedicellatum Desv. 

The cHmbers of the canopy, especially the Clusia group, are serious com- 
petitors with the trees for light. A large Clusia often occupies at least half 
the space that would otherwise be occupied by the crown of the tree to which 
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Table V. Vertical distribution of temperature, relative humidity and 
saturation deficit in Mixed forest. 

The obsorvationB were made with a whirling hygrometer shaded from direct sunlight. Relative 
humidities and saturation deficits are calculated assuming a barometric pressure of 760 mm. 

(a) Measurements made on Baromalli tree. 



Breast 

Below 

canopy 

(‘anoxiy 

A hove 
canopy 

Date and 


height 

(c. 20 111.) 

(r. 27 m.) 

(g. 33 m.) 

weather 

Temperature ( ’ C.) 

24 7 

— 

26-1 

25 4 

Oct. 13 

Relative humidity (%) 

y.5-72 

— 

84-7 

85-2 

After slight shower 

8aturation deficit (mm.) 

0-99 

— 

3-85 

3-56 

Temperature C.) 

26-7 

29-7 

30-3 

30-6 

Oct. 17 

Relative humidity (2o) 

80-5 

()6() 

r»34 

59-7 

J>ry and sunny 

.Saturation deficit (mm.) 

2-73 

10-35 

11 82 

1346 

Tenij3t‘.rature (' C.) 

27-4 

29-5 

29-(i 

29-5 

( )ct. 29 

Relative humidity (%) 

87-0 

73 1 

(i9 7 

700 

dust after slight 

Saturation deficit (mm.) 

3 43 

8-25 

9 31 

‘♦•08 

shower 

'rernporatiirt^ (‘^ C.) 

276 

30 5 

:{0-8 

29-7 

Nov. 6 

Relative humidity (%) 

874 

60-2 

60-5 

.59-6 

Dry 

Saturation deficit (mm.) 

3 44 

12-91 

13 06 

12-53 


Tern jK’rat lire ("’ (.‘.) 

27r. 

29-6 

30 3 

30 3 

Nov. 9 

Jielative humidity (%) 

88- 1 

77-7 

— 

(>7-0 

Bright sun with 

Saturation deli (it (mm.) 

3-25 

7-86 

— 

10 5 

passing (*louds: no 


ram 


All these measurements were made between I and 2 ji.m., except those on October l.’lth, 
vvliich were made between .‘1.15 and 3. .30 p.m. 

(b) Measurements made on ‘ Entomologists' Tree.” 

B. H.. breast height. 

5.30 p.in. 







B.H. 

26 m. 


Tem]MU*aturc ( ( ‘.) 


- 



26 1 

28-9 

Sept. 9 

Relative humidity (“o) 





95 9 

69 4 


Saturation deficit (mm.) 





1 04 

9-06 



8 a. 

m. 



6 

p.m. 








- A .. 



R.H. 

26 m. 



B.H. 

26 m. 


'remperature ( (‘.) 

22 9 

23 9 



26 J 

26 7 

Sef)t. 10 

Relative humidity (‘\j) 

96-4 

930 



96 7 

91 1 

Fine, dry 

►Saturation d(dicit (mm.) 

0-74 

1 -.>4 



0-83 

2 32 

day 


8. .‘to a.m. 


p.m. 





B.H. 

26 rn. 

B.H. 

26 m. 




Temperature ( C.) 

23-5 

26-7 

27-2 

294 




Sept. 1 1 

Relative humidity (“o) 

98-2 

83-8 

85-8 

54 4 



Fine day 

Saturation deficit (mm.) 

0-38 

4-14 

3 81 

13 9 


— 



8 a, 

.m. 

11 

a.m. 

..A ^ 

5.30 p.m. 



B.H, 

26 m. 

B.H. 

26 m. 

B.H. 

26 m. 


Tem|)eraturt? ( ' C.) 

22-2 

23 3 

26 1 

27-8 

23 9 

23 9 

Sept. 16 

Relative humidity (‘’o) 

94-6 

95 6 

95-8 

78-6 

100 

100 

Showery 

Saturation deficit (mm.) 

1-08 

0-94 

1 04 

5-94 

0 

0 



7., ‘to a.m. 







' 

< ^ 







B.H. 

26 m. 






Temperature (° C.) 

22-9 

24-4 


— 




Sept. 17 

Relative humidity (%) 

100 

95-7 






Drj’^ and 

Saturation deficit (mm.) 

0 

098 


— 



simny 




11 

a.m. 







B.H. 

26 m. 




Temperature C.) 

- 

- 

26-8 

30 1 




Sept. 18 

Relative humidity (%) 

- 

- 

99-2 

60-5 




Dry day 

Saturation deficit (mm.) 

- 

- 

0-21 

12-52 


— 
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it is attached. Twining climbers occasionally have a marked constricting effect 
on young trees, so that if they are unwound from the host a deep spiral groove 
is seen on its trunk. 

Seedlings of canopy climbers are common in the undergrowth, but im- 
mature specimens reaching to heights between the canopy and the ground 
are hardly ever found, so presumably the intermediate stage is passed through 
very rapidly. 


(4) Distribution of epiphytes. 

Epiphytes are more abundant in the Guiana forest than in the lowland 
forests of Malaya, but considerably less so than in the mountain forests of the 
West Indian islands or in the temperate rain forests of New Zealand: the 
bulk and luxuriance of epiphytic vegetation is certainly less, though the 
number of species is probably as great or greater. The trunks of the trees 
never bear more than a few scattered epiphytes and even the upper boughs 
of large trees are only occasionally thickly covered with them. On the first 
two clear-felling plots (see p. 363), out of 193 trees over 5 m. high, only 30, 
and on the third out of 55 trees over 14 m. high, only 21, had any vascular 
epiphytes at all (neglecting small seedlings) i. However, the total bulk of 
vascular epiphytic vegetation over any area of ground is probably often 
equal to, and sometimes greater than, the bulk of its herbaceous undergrowth. 
The number of species of epiphytes of any area is certainly always much 
greater than the number of ground herbs. On the whole of our area at Mora- 
balli Creek we collected about 114 species of vascular epiphytes (of which 
about 50 were orchids), but the actual number may very likely be twice as 
great. The number of ground herbs (not including those in recent second 
growth) was 123 (of these about 33 were confined to the creek bank) and the 
collection was certainly nearly exhaustive. All the epiphytes of our area 
belong to the group of “typical” epiphytes of Oliver ( 15 ): there are no 
“occasional” or “ephemeral” epiphytes, presumably owing to the poverty 
and specialised nature of the ground flora. The “ hemi-epiphytes ” have been 
included in the last section with the climbers. 

The factors which determine and differentiate the habitats of epiphytes 
in a climatically uniform area such as ours are chiefly illumination, atmo- 
spheric humidity (which here depends mainly on degree of exposure to sun 
and wind) and character of bark (depending largely on the age and species 
of the tree). The large amount of humus accumulated is probably responsible 
for the abundance of epiphytes on most very large old trees, but the amount 
of humus is always very small compared with that found on trees in New 
Zealand ( 15 ). As noticed by Schimper ( 16 , p. 91) epiphytes do not show any 
sort of regular stratification ; they are too much affected by slight local variations 

^ This was in Mixed forest. In the damper Mora type epiphytes are more abundant, in the 
drier Wallaba type they are scarcer. 
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in illumination, such as are produced by the difference between the density 
of the foliage of one species of tree and another. 

There is undoubtedly some kind of succession of epiphytes with the age 
of the tree, but in the absence of exact knowledge as to the relative ages of 
individual trees, it cannot be easily made out, as the effect of age is hard to 
separate from that of the light, humidity and bark character factors. The 
pioneers are often Bromeliaceae {Tillandsia spp,), as already noted by 
Schimper (16, p. 93), also certain Araceae and ferns. Orchids on the whole 
belong to the later stages of succession. ^ 

An attempt is made in Table VII to show how the epiphytic flora varies 
with the size and species of the host tree. Each line refers to a single tree. 

Table VII. Epiphytes on trees on the clear-felling plots {Mixed forest), 

* = in flower or young fruit. 




Height 



Species of tree 

m. 

Epiphytes 

Ksohvmlera Sfigotiana Miers 

« 

u 

• 



o 

10 

— 


99 9f 

17 

Fern at first fork (13 m.). 


♦ • 9 9 

20 

— 


99 99 

21 

— 


* 

9 9 99 

26 

Two large Anihurium Jennuinii Engl., Ehiphoglossum 
gliibellain Peperotnia sp. and young TillundMa 

sp. on trunk just abov^e first fork (19 m.). 


99 99 

28 


* 

99 ff 

28 

— 


9f 99 

29 

Large Anthurium sp. and Philodendron demerarae 
Gleason at first fork (21 in.); large Anthuriuni sp. at 
second fork; ElaphogloAsuw, glabeUum J.Stn. and 
young Tillanttna sp. on branches. 


4> 

ff »* 

31 

Large Peperomia sp. and TiWttidma sp. at first fork 
(17 in.); young TilUindma sp., Miirg inaria tecta (Klf.) 
and Microsorium surinarnense (Jacq.) sparingly on 
branches. 


ff 99 

99 " 

32 

30 

HavetiopsU jlamda (Bth.) (shrub) in crown. 

Gnetwn p(inicubitutn Spruce (para.site ^), abundant, and 




Hareliopsis flavido (Bth.) (shrub) in crown; large 
Anthurium sp. and MicroHoriuni Hurinamen-se (Jacq.) 
on branches. Young Marcgraria sp. and Pejmromia 
obfusifolia (L.) in a fork. 


* 

99 99 

38 

— 

Licania laxiflora Fritaeh 

ff tf 

*9 9t 

6 

0 

7 

— 

9 9 

99 

99 


7 

9 

9 

— 

99 


10 

— 

99 

ff 

11 

Y^oung epiphytic Aroid at 7 m. 

99 

99 

14 

— 

99 

f% 

18 

— 

99 

9 

21 

— 

99 


26 

— 

99 


29 

— 


' See footnote 1, p. 382. 


Joura. of Eoolo^ XXI 


26 
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Table VII (contd.). 

Height 


Species of tree 


m. 

Epiphytes 

Licania laxiflora Fritsch (contd.) 

31 

Large Anihurium sp. on trunk at 26 m. 


yy 


33 

Unknown Aroid at first fork (15 m.). 

Eschiveilera decolorans Sandwith 

ff !•» 

t* y* 

5 

5 

6 

G 

G 

7 

13 

— 

yy 

yy 

yy 

».* 


yy 

yy 

yy 

— 

yy 


yy 

15 

— 

yy 


yy 

18 

— 

yy 


* 

19 

— 

yy 


yy 

26 

— 

yy 


yy 

28 

— 

yy 


* 

yy 

29 

Young Aroid on branch. 

yy 


yy 

31 

— 

yy 


yy 

35 

Phthirusa inonetaria Sandwith (Loranth) in crown. 

Licania venosa 

f j 

yy 

yy 

Rusby 

yy 

yy 

yy 


5 

5 

6 

— 

yy 

yy 

yy 

yy 

yy 

yy 

yy 

yy 


7 

7 

9 

11 

— 

yy 

yy 


13 

— 

!■> 

yy 


18 

— 

yy 

yy 


18 

— 

yy 

yy 


19 

— 

yy 

yy 

yy 

yy 


21 

22 



yy 

yy 


24 

— 

yy 

* 

yy 


26 

— 

yy 

yy 


27 

— 


* 

yy 


28 

Anthurium trinerve Miq. (Aroid) and an orchid on 





trunk just above first fork (14m.); Elaphoglosaum 
glabellum J.Sin. (fern). Maxillaria uncxiia Lindl. and 





another orchid, also young Tillandsia sp. on branches. 

yy 

* 

yy 


28 

Large orchid at first fork (19 m.); Anthurium gracile 





(Hudge) (Aroid) and Tillandsia sp. on trunk just 
above; Anthurium trinerve Miq. (Aroid) and orchid on 
branches. Seedling Cltutia sp. on branch at 16 m. 

yy 

* 

yy 


31 

Hymenophyllum Bp. at first fork (18 in.); Tillandsia 
hull}osa Hook, and two other spp., Codonanthe, confuaa 
Sandwith, Scaphuglottis viola^ Lindl., Fractiun^uis 
rejiexa Schltr., Maxillaria uncata Lindl. and one other 





orchid, Microsorium surinamense (Jacq.) and Elapho- 
glossum glabellum J.Sm. (ferns) on branches. 

yy 

* 

yy 


32 

Large Aroids on trunk at 7 and 11m.; small orchid and 
Tillandsia bulbosa Hook, on branches. 


Four “climax” societies of epiphytes can be recognised: 

(a) Society of shade epiphytes. On undergrowth and occasionally on young 
canopy trees, also on very old, thick bush-ropes. This society is best developed 
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in the undergrowth layer (up to c. 14 m.), but may reappear at the bases of 
the crowns of tall trees if the foliage is thick enough. Thus Hyrnenophyllum 
polyanthos (Sw.) and H. ciliatum (Sw.), two of the commonest filmy ferns of 
this society Were occasionally found growing in thick carpets of moss at 20 m. 
from the ground. The dominant species are filmy ferns [Trichomanes and 
Hymenophylhim spp.). The other members of the society are various other 
ferns, e.g. Hecistopteris pumila (Spreng.), stray Bromeiiaceae and a minute 
species of Peperoinia, P. eniarginella (Swartz). Orchids are absent, except 
one species, Cheiradenia cuspidata Lindl., which is always found clinging to 
the smooth trunks of large trees at a height of about 1- 2 m. (only in well-lit 
forests). 

(6) SocAety of sun-epiphytes. This grows in the centre of the crown and 
along the larger branches of canopy trees, especially of very large ones. It 
includes the vast majority of the orchids, aroids and bromeliads, also most of 
the epiphytes in other families. Most of the members are creeping or erect 
herbs but there are a few shrubs, e.g. Havetiopsis flavida (Bth.). The chief 
species are: Orchidaceae, MaxiUaria uncafa Lindl., Fractiunyiiis reflexa 
Schltr., Trigoividmm tenue Lodd., Polystachya geraensis Rodr., P. foliosa 
Rchb. f., Scaphy glottis molacea Lindl. and innumerable others; Bromeiia- 
ceae, Tillundsia spp., Aechniea spp.; Araceae, Anthirium Jenmanii Engl., 
A. gracile (Rudge), Philodendron dewerarae Gleason, etc. 

Piperaceae, Peperomia obtusifolia (L.) and P. oruihianae (.\D(\ ; Gesneria- 
ceae, Codonanthe calmrata (Miq.) Hanst. ; Lentibulariaceae, Orchylliuin 
(Utricularia) Schimperi (Schenk) (only once seen: in carpets of liepaticae); 
(/ac‘,taceae, Epiphyllum sp.; Ferns, Elaphoglossiim glahellum J.Sm., much 
the most abundant species, also Marginaria tecta (Klf.), EschcUogranime Des- 
vauxii (Kl.), Microsorium surinamense (Jacq.), Polypodiurn nanum Fee, etc. 
Stray members of this society may occur on the trunks of trees below the 
first fork. 

(c) Sociely of extreme xerophilous epiphytes. This lives on the most exposed 
twigs and branches of large canopy trees and throughout the crowns of out- 
standing trees (though these are often quite bare of epiphytes). It is exposed 
to wind and sun much more than the last society and is therefore liable to 
frequent short periods of extreme drought and has a smaller humus supply. 
The conditions of life are reflected in the structure of the members, many of 
which are succulent. This society includes a few orchids, certain narrow leaved 
species of Tittandsia, e.g. T. bulbosa Hook., Aechmea spp. Codonanthe confusa 
Sandwith (Gesneriaceae), Rhipsalis Cassytha Gaertn. (Cactaceae). 

{d) Society of epiphytic parasites (Loranthaceae). These green parasites are 
abundant on the canopy trees, especially on those which are old and tall. 
Seven species were met with. A single tree may have as many as three species 
of parasites on it. Each species of parasite seems to have a great variety of 
hosts, but Greenheart (Ocotea Rodioei (Schomb.)) is a favourite. This society is 

25-2 
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found mainly in the outer part of the crown of the host, so that it lives in an 
external environment much like that of the last society^. 

The forest type has a remarkable influence on the vertical distribution of 
these epiphytic societies. In Mora and Wallaba, the two ^‘extreme” types, 
epiphytes are common near the ground. Tillandsia spp. may be found in 
flower within 3 m. of the ground and if, as often happens, the bough on which 
a large individual of Tillandsia sp. is growing breaks off and falls to the ground, 
it will continue to grow quite successfully. Plants are also sometimes found 
rooted in the ground, not attached to a branch : these have probably survived 
after the branch on which they grew has decayed away. There was no evidence 
that Tillandsias ever germinated on the ground. Anthurium Jenmanii Engler 
and other species occur on tree trunks to less than 3 m. from ground. Orchids 
are common at 2-4 m. from the ground and they continue to flourish on fallen 
branches. The epiphytic fern Marginaria tecta (Klf.) was once found at about 
1 m. in Wallaba forest and at 1*5 m. in Mora. In the three central types of 
forest epiphytes (except the ‘‘shade society”) are seldom visible from the 
ground. Tillandsias never occur below about 18 m. except for stray individuals, 
which are small and do not flower, on the taller undergrowth trees (lowest 
record for a mature plant 9 m. : only seedlings at still lower levels) and 
Tillandsias on fallen branches die quickly. Anthurium Jenmanii Engler was 
never seen below 17 m. : orchids never below 15 m. Marginaria tecta (Klf.) 
was once seen as low as 7*5 m., but it normally grew very much higher. Thus 
in the central types the altitudinal distribution of epiphytes is much higher 
than in the “extreme” types. In the latter the sun epiphyte society descends 
nearly to the ground and in Wallaba forest the shade society is wanting. In 
this type all the epiphytes of the taller canopy trees belong to the “extreme 
xerophilous” society. In the three “central” types the average heights of 
the epiphytic societies is highest in Morabukea forest. 

Now these five types of forest differ both in illumination (owing to differ- 
ences in the density of the canopy and in the amount of undergrowth) and in 
the humidity of the air in the lower levels. Either factor might control the 
average height at which the epiphytes grow. The illumination varies regularly 
from Mora to Wallaba, falling from a maximum in Mora to a minimum in 
Morabukea and rising again steadily through the other two central types to 
a second maximum in Wallaba^. The humidity of the air has a maximum in 
Mora and Morabukea and falls towards a minimum in Wallaba (see Table VIII). 

^ Onetum nodiflorum Brongn. and O. panicMlatu7n Spruoo are often found mixed with the 
Loranthaceao. So far as we can remember they grew in all cases as true epiphytes, not as lianes 
rooting in the ground (as stated in text-books and descriptions): they may have been partly 
parasitic like the Loranths they so closely resembled. Unfortunately we made no notes on the 
subject in the field. 

2 The actual values for illumination at breast height, expressed as fractions of full sunlight 
are: Mora, Morabukea, yjnj. Mixed, ^ Greenheart, Wallaba, For further details, 
see PaH lU 
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It will be seen that the altitudinal distribution of the epiphytes varies in a 
manner exactly parallel with the variation in illumination, but shows no 
relation to the variation in atmospheric humidity (though the total abundance 
of epiphytic vegetation may be related to this factor). Light therefore seems 
to play the chief part in controlling the vertical distribution of epiphytes. 

(5) River hank forest . 

On the banks of the large rivers the canopy may be described as curving 
down to the water-level. The canopy trees send out flowering branches nearly 
from the base and the mantle of bush-ropes binds the forest margin into a 
solid wall of foliage^. Most of the epiphytes which in the interior of the forest 
are only found at great heights on the river banks are found occasionally 
within reach of the ground. Hence it is that these canopy epiphytes and lianes 
are better represented than might be expected in the collections of the early 
travellers who collected mainly on the banks of the great rivers and did little 
tree felling. Our intensive collecting in the tree-tops did not produce as 
many new species as might perhaps have been expected. 

A feature of the river bank forest which Anderson (17, p. i) noticed is 
that ‘‘...the forest trees are always found growing much more abundantly 
and closely together than on the lands immediately behind, and so close is 
the growth in places that two or three trees are often seen touching each 
other at their bases.” This fact we also often observed, both on the Essequibo 
and the Cuyuni. Its chief cause is probably the better illumination of the 
river margins, compared with the forest interior. 

IV. Summary. 

1. The district whose vegetation is described is only a few miles in extent 
and lies in the rain forest region of British Guiana in lat. 11' N. 

2. The chief characteristics of the climate are high and even temperature 
(mean annual 25*9'^ C.) and constantly high humidity. Mean annual rainfall 
270 cm. There are two dry seasons in the year, but no month has an average 
rainfall of less than 10*7 cm. In relation to these conditions the vegetation 
shows little periodicity, though there is some indication of two flowering 
seasons in the year. 

3. Human interference has been one of the most important biotic factors. 
It has chiefly taken the form of shifting cultivation and timber (Greenheart) 
exploitation. The latter is much the more important at the present time. Its 
effects can be mostly allowed for in ecological work. 

4. The structure of the forest is described in some detail. The trees form only 
two distinct strata, an irregular canopy of about 24 m. average height and under- 
growth trees up to about 14 m. high. Above the former many trees of up to 

^ The dense curtains of Lygodium micatis Sturm are particularly characteristic of the banks 
of the lower Cuyuni. 
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42 m. stand out incompletely, while here and there are exceptionally tall trees 
which have their whole crown clear of their neighbours. The stratification of the 
trees was shown by felling and measuring all the trees on sample plots. Two 
strata of herbs and shrubs are recognised and the former are grouped into a 
number of synusiae. The stratification of the climbers and the distribution of 
the epiphytes is mainly a response to the internal climate of the forest deter- 
mined by the vegetation itself. This internal climate differs from the general 
climate of the region in its even more extreme uniformity, which increases 
from the canopy downwards. 

5. The height at which the epiphytes grow is shown to depend mainly 
on light intensity and to be hardly at all related to differences in the humidity 
of the air. 
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X. Thp: ecological communities of algae. 

The phanerogams on a salt marsh are readily separated into communities 
owing to the clear way in which they occur in vertical zones in relation to 
level. The zonation of the algae is not nearly so obvious. Many of the fortns, 
especially the larger and more conspicuous green algae of the salt marsh, such 
as Enter omorpha, Rhizoclonium and Vaucheria, are to be found at all levels, 
provided that space is available and the illumination is sufficient. It would 
appear that light and space relations, rather than factors more intimately 
related to level, restrict the development of these algae in the Glyceria zone 
at Canvey. Similarly, the most striking blue-green alga of the salt marsh, 
Microcoleus chthonoplastes, shows no zonation in relation to level and occurs 
in all parts of the marsh. 

There are many other algae commonly found on the salt marsh, however, 
which show zonation of distribution to some extent, but there are not so many 
zones of algae as there are of phanerogams, indicating a much greater plas- 


^ From the Botanioal Department, East London Oollogo. 



386 


Alga Flora of Two Salt Marshes 

ticity on the part of the algae as compared with the higher plants. The algae 
are not nearly eo restricted in their requirements, and consequently spread 
over a much wider range. As a rule it is not possible to divide the algae into 
more than two groups, one preferring the lower zones, and another set pre- 
ferring the upper zones (Figs. 1, 2), but owing to the plasticity referred to 
above, there is considerable overlapping, e.g. on the escarpment between the 
Aster-Salicornia and marginal zones (Fig. 1). The ‘'lower zones’" would con- 
stitute at Canvey the Aster-Salicornia zone and all areas of lower level; at 
Ynyslas, the Marginal mud and Salicornietum only. The upper zones include 
at Canvey the Glyceria zone and all parts of the marsh extending down to, 
but not including, the Aster-Salicornia zone; at Ynyslas everything above the 
Glycerietum is included. 

The Chlorophyceae probably provide the greatest bulk of the salt-marsh 
algae, and at the same time they are the most puzzling. The Cyanophyceae 
also play a very large part, and some of them fall into well-defined com- 
munities of more or less fixed specific constitution, in which other algae, either 
Chlorophyceae or diatoms, are rare or wanting. Others commonly occur in 
association with Chlorophyceae. It is a fairly well established fact that Cyano- 
phyceae as a rule reach their highest development in the late summer months. 
Studies on the periodicity of algae have repeatedly proved this fact (see 
Fritsch (9), West (20), Hodgetts (13)). Some of the communities of Cyano- 
phyceae observed on the salt marsh can only be found at certain times of the 
year. Whilst the Chlorophyceae are not, in general, differentiated into definite 
communities associated with level, the Cyanophyceae communities are often 
restricted to certain levels ot the marsh. 

The diatoms, as will be seen from a consultation of Carter (6, p. 171), 
conform in general to the usual plan, that certain species prefer the upper 
levels of the marsh, and others the lower. An attempt was also made there 
to subdivide the diatoms further according to level, but whether this is de- 
sirable further study must prove. Diatoms sometimes dominate the habitat, 
as in the case of the marginal zones, but more often they occur scattered 
amongst other algae in such a way that it is impossible to associate any par- 
ticular diatom with any particular alga, the same diatoms usually occurring 
amongst Vaucheria as amongst Cyanophyceae at the same level, or even on 
bare ground in the vicinity which bears no larger algae. 

The following communities are to be regarded as instances of species 
definitely associating in the same habitat, but exactly what is their ecological 
status must be left for the future to decide. The first community has a wide 
range and is represented in som,e degree all over the salt marsh, though not 
all of the component species are invariably present. The next five communities 
are more particularly characteristic of the lower zones of the marsh, and the 
last six of the higher zones. 
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I. General Chlorophyceae community. 


Vaucheria spp. L.l).' 

Entoromorpha prolifera L.D. (see Carter (6, p. 134)) 
E. percursa L.D. 

Microcoleus chthonoplastos L.C. 

Lyngbya aestuarii L.C, 

Rivularia spp. L. (Y.) 

Glooothece palea L. (Y.) 

Microcolous tenerrima L. 

Rhizoclonium hieroglyphicurn L.D. 


Hydrocoleum lyngbyaceum L.C. (Y.) 
Lyngbya lutca L.C. (Y.) 

Nostoc commune L.C. (Y.) 

Spirulina subsalsa O. 

Oscillatoria corallinoe O. 

Phormidiurn augustissimum R. 
l*h. foveolarum R, 

Plectonema phormioidcs R. (Y.) 
Phaeococcus adnatus R. 


Cotton ( 8 , pp. 62“ 5, 78-80) recognises in the sand and sandy mud habitats 
of Clare Island and the neighbouring regions, amongst others, three com- 
munities dominated by Rhizoclonium riparium, Microcoleus chthonoplastes and 
Vaucheria Thuretii respectively, whilst in the more muddy regions rich in 
humus and referred to as salt marsh, a second Rhizoclonium riparium com- 
munity is recognised, differing from the first in its greater variety of associated 
species. It is stated that on sand Rhizoclonium is sometimes accompanied by 
Microcoleus chthonoplastes, but the blue-green species (i.e. Lyngbya aestuarii, 
L. majuscula and L. confervoides) so common in the corresponding association 
on the salt marsh, are absent (p. 63). In the Vaucheria community Cotton 
sometimes also found Rhizoclonium, Chaetomorpha and Cladophora fracta ] in 
the Microcoleus chthonoplastes community, Lyngbya aestuarii, L, lutea. Micro- 
coleus chthonoplastes, Vaucheria Thuretii, Rhizoclonium riparium and Entero- 
morpha torta, 

A comparison of the al)Ove lists will show that practicjally all the species 
mentioned by Cotton in the four communities referred to also occur in the 
community we are here considering. The writer does not feel, however, from 
her own observations, that the algae listed together as community No. I can 
be separated into smaller communities, at any rate in the two marshes under 
consideration. It may be, of course, that at Canvey and at Ynyslas there are 
several smaller communities competing with each other, but at Ynyslas, in 
particular, the algae were so frequently in association with one another that 
separate communities of smaller size seemed out of the question. The algae 
of community No. 1 occupy the interstices between the phanerogams in all 
zones above the Glycerietum at Ynyslas (Fig. 2), being feebly represented in 
that zone probably because of the shifting sand. It also extends on the Canvey 
marsh through all the zones from the Aster-Salicornia zone up (Fig. 1). Repre- 
sented by Vaucheria in practically pure stands, it may also descend at Canvey 
into the upper stretches of marginal mud destitute of phanerogams. 

The Ynyslas marsh seemed on the whole to provide algal vegetation 
corresponding best with that described by Cotton for Clare Island, with the 
exceptions just mentioned. In view of its similar coarse sandy substratum 
this is to be expected. Rhizoclonium is by far the commonest dominant at all 
times of the year. From September to March Enteromorpha percursa seemed 

^ L.D. locally dominant; L.C. locally common; L, local; O. occasional; R. rare; (Y.) Ynyslas 
only. 
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sometimes to be dominant locally, especially at the level of the Armerietum 
and below, and at the same levels Enteromorpha sp. was frequently present. 
Vaucheria seemed to dominate locally in slightly moister spots which are not, 
however, often disturbed by tides, such as around the margins of pans which 
remain full. The Cyanophyceae, of which Microcoleus chthonoplastes is the 
most general, accompanied by X. aestuarii and often X. lutea, sometimes 
dominate quite small areas an inch or so in diameter at any level above and 
including the Armerietum, more particularly in the summer and autumn (cf. 
Fig. 2, I, B). More often however the blue-greens are to be found as a tough 
felt forming a ground flora underlying Vaucheria or Rhizoclonium. They are 
often associated with Vaucheria, especially in the late summer months if the 
weather has been dry. Rhizoclonium and Enteromorpha seem unable to with- 
stand drought, so that Vaucheria and the Cyanophyceae then become in- 
creasingly important. Under ordinary conditions Cyanophyceae are more 
abundant in the higher zones, from the Lower Festucetum up. 

Thus it will be seen that the algal vegetation is likely to be patchy, the 
dominants varying at quite short range, usually within a few inches. It is 
indicated that weather, as for example a period of drought, may influence 
the dominating forms. Possibly there is continual competition between all 
the important algae, whose requirements are nearly similar: thus a slight 
change in the external conditions might so disturb the balance as to give an 
advantage to one particular alga. 

At Canvey, the community is very different, as it consists as a rule only 
of Enteromorpha prolifera and Vaujcheria spp. Rhizoclonium is never abundant 
as a soil form, and Enterornorpha percursa seems to have no real place here. 
Vaucheria persists all the year round, but Enteromorpha is almost wanting 
from September to March. There are almost no other algae associated either 
with the Vaucheria or the Enteromorpha. The algal vegetation forms a coarser 
patchwork here than at Ynyslas, for instead of occupying small areas, 
one or other of these algae may dominate areas several feet in diameter. It 
would appear that Vaucheria prefers a substratum where changes in topo- 
graphy are causing the accretion of silt, whilst Enteromorpha prefers more 
stable areas. Microcoleus chthonoplastes is the only important associate of 
these two Chlorophyceae except in the late summer and autumn, when other 
communities of Cyanophyceae begin to invade their area, e.g. communities 
Nos. Ill, VI and VIII. Many of the blue-green components of community No. I 
represented at Ynyslas do not occur at Canvey, e.g. Hydrocoleum lyngbyaceum, 
Gloeothece palea, Rivularia spp. and Nostoc commune. Phaeococcus adnatus 
and Microcoleus tenerrima, although present at Canvey, are very restricted 
in their distribution. 

After a study of this algal community one comes to the conclusion that it 
would be difficult to fit it into the existing scheme of salt-marsh vegetation 
as an independent community. In nearly all the area occupied by this group 
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of algae (except when it extends out on the open mud) the phanerogams are the 
conspicuous plants, and consequently it would not be correct to consider it as a 
separate algal association/’ The algae are merely adjuncts to the phanerogam 
vegetation of each zone. Thus we can briefly state the facts as follows : 

Y nyslas. The J uncetum, Upper and Lower Festucetum, Armcrietum and Gly- 
cerietuni support, in addition to their phanerogam vegetation, Algal Community 
No. 1, with the proviso that the Cyanophyceae constituents of the Armerietum 
and Glycerietum are likely to be less abundant than in the higher zones. 

Canvey. The Aster-Salicornia, Aster-Glyceria, Obione and Glyceria zones 
support, in addition to their phanerogam vegetation. Algal Community No. 1 , with 
the proviso that tlieir Cyanophyceae constituents are not usually abundant. 

Cotton ( 8 ) does not give the phanerogam flora of his area, and Lloyd 
Praeger (15) in his account of the phanerogams and ferns does not give very 
much information about the salt marshes of the Clare Island region. Thus it 
is not possible to deduce from the Reports of the Clare Island Survey what 
relation the algal associations described by Cotton l)ear to the flowering plants. 
It is possible tliat in (^lare Island the algae themselves and not the phanero- 
gams are the real dominants. 


II. Marginal comm unity of diatoms. 


Diatoms D.^ 

Eu^rliMia liinosa L. 

Microi’olcus acutirostris (). 

M. chthonoj)laHteH (). 
l^HCUfiaiiabaena bn'vis (sfioradic) 

The chief diatoms are: 

IMi'iirosigiiia aiigulatuin iiiclud. var. (|uadratuni 
V.C:. or D. ( W.) 

Nurindla gcinina \'X\ or D. (W,) 

Cjyrosigina VVannlKH kii VX \ or 1). 

(J. baltifum \.C. 

NitZHchia rigida V.(\ or D. (W.) 

Navicula pygmaea V.(\ or 1). (W.) 

N. digito-radiata var. cypririus V^(^ or D. (W.) 
JSoolioplpura tiiinida \'.(\ or D, (8.) 

NitzKohia acuminata V.C. 

Navicula subinHata V.C. (8.) 

NitzHchia apiculata V.C. 

(Jyrosigma diaphanum \.C. (W.) 

Amphora lincolata C. or D. (8.) 

Navicula ammophila var. flaiiatica C. 

N. hemipt^^ra L.C. (8.) 

Gyrosigma 8jKui(‘.eri V.C.L. 

G. litoralc C. 

8urirella ovalis var. ovata G. 

Gyrosignia attonuatiim var. scalpruin C. (8.) 


Molopcdia sabiilicola H. 
McriHinofM'dia rcvoluta R. 
M. convoluta H. 


Navicula grcgaria C. (8.) 

N‘. cincta var heutie^ri C. (8.) 
Nitzschia navicularis O. 
Navicula (Diplonoia) clliptica (). 
Hhaphioneis amphiccros (). 
Navicula litorali.s (). 

Amphora proU*us O. 

8taiironeiH Grcgorii (>. (8.) 
Navicula .spuria O. 

Nitz.schia bilobata R. 
8coliopleura lat^estriata R. (8.) 
Gyrosignia Fasciola R. (VV.) 
Navicula humerosa R. 

N. (I)iploncis) didyma R. 
Nitzschia epithcmioidcs R. (8.) 
Nitzschia punctata R. 

Mclosira (Paralia) sulcata R. 
Biddulphia Sniithii R. 

R. aurita R. 

Actinoptychus iindulatus R.® 


^ V.C. very common; L. local; D. dominant; O, occasional; R. rare; C. common. (8.) denotes 
species with a summer maximum. (W.) denotes species with a winter maximum. Roth (8.) 
and (W.) may lx> present in slight quantity all the year round, but are usually rare except in 
their respective seasons. Dominance by a particular diatom is not constant, but the species 
noted as V.C. will often be exceedingly abundant. 

* Figs. 13, 21, 22, 23 and 24 in Part II (see Gcurter, 6) illustrate many of^these algae. 
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Many of the diatoms show a summer or winter maximum (see also 
Carter (5), p. 364). This is indicated in the list on p. 389, and also in 
Fig. 3, C and D. 

This community is usually apparent as a brownish film on the marginal 
mud of channels at Canvey, both large and small, and it is here that it reaches 
its highest development (Fig. 1, II). At Ynyslas it is only represented as a 
rule by a few individuals wliich can be obtained from the apparently bare 

DISTRIBUTION OF COMMUNITIES, CANVEY 


Glyceria 

Escarpment 

Obione 


Aster-Glyc. 

Aster-Sal, 

Escarpment 


Sal. and mud 

Mud in channel 


Community No. 

Fig. 1. Showing the range of the algal communities in the zones of the marsh at Canvey. 
J, general Chlorophyceae community. 11, marginal community of diatoms. Ill, marginal 
Cyanophyceae community. IV, Ulothrix flacca community. V, Enteromorpha minhna-Bhizo- 
clonium community. VI, Amibaena torulosa community. Vll, filamentous diatom community. 
VIII, autumn Cyanophyceae community. IX, Phormidium autumnale community. 



sand at the margins of the marsh, although the smaller channels are rather 
more productive. If Englena is present, the fact will be revealed in the local 
bright green patches of colour in the surface film. The presence of Pseudana- 
baena causes a grey-blue coloration. The other Cyanophyceae are not usually 
present in sufiicient quantity .to be evident in the field, though they may be 
visible after a sample has been exposed to light for some time. As an excep- 
tion, Microcolevs chthonoplastes may sometimes become so abundant as to 
form a tough sheet on the surface of the mud. This has been observed at 
Ynyslas in the autumn. 
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This marginal community has not previously been described and it ranks 
as an independent unit of vegetation, since it is not subsidiary to flowering 
plants. Salicornia is the only phanerogam occurring in this region, and since 
the plants are distant from each other, the cryptogams are usually relatively 
more important and give the mud its characteristic appearance. At Canvey 
there is a tendency for the community to extend into the Aster -Salicornia zone. 

In the late summer months the upper parts of the channels at Canvey 
are occupied by a conspicuous growth of Cyanophyceae constituting com- 
munity No. Ill, but the diatoms still remain and many of the same species can 
be recognised as before the invasion. 

The flora of pans with standing water often includes diatoms as the most 
important forms, and to some extent the marginal diatom community is again 
repeated here. The origin of this pan flora, however, seems to be various. 
One example studied in January in which there was a copious development 
of brownish diatomaceous flocculent growth on the surface of the bottom mud, 
proved to consist largely of Gyrosigma Spenceri, Nitzschia navicularis, Navicula 
gregaria, N. inlerrupta, N. (Diploneis) didyrna, etc., species for the most part 
which occur all over the marsh, or are characteristic of the higher zones. 
Pleurosigma angidatum and Surirella gemma, species characteristic of the 
marginal mud at that time of the year, were notably absent. On the other 
hand a sample of plankton taken from a similar pan in June showed a copious 
diatom flora in which Navicula {Diploneis) didyma, N. gregaria, Amphora 
Proteus, Scoliopleura tumida, Navicula pygmaea, Pleurosigma angulatum, Navi- 
cula digito-radiata var. cyprinus, Nitzschia rigida and Amphora lineolata 
figured. This list includes forms which are distinctly marginal ones, such as 
Scoliopleura tumida and Pleurosigma angulatum. These observations show that 
both marginal diatoms and at any rate some of those characteristic of the 
higher zones can persist in the standing water of a pan. 

At Ynyslas community No. II is not developed to any great extent at the 
margins and is only represented by a few individuals of Natncula cincta var. 
heujleri, Nitzschia rigida or Scoliopleura tumida. Only very rarely is a visible 
brown stratum present, though at times the small green patches of Euglma 
or the dark sheets of Microcoleus chthonoplastes can be discerned. The smaller 
and less disturbed muddy channels draining the marsh, however, often de- 
velop the diatom community in a way comparable to the channels at Canvey. 
A sample taken from such a channel in July showed a flora of Nitzschia rigida, 
Navicula digito-radiata var. cyprinus, N, cincta var. heufieri, Gyrosigma dia- 
phanum, Nitzschia punctata var. coarctata, and Scoliopleura tumida. All are 
marginal forms with the exception of Navicula cincta var. heufleri which is 
universal on the marsh. In a similar channel, but amongst Rhizoclonium near 
the upper margin of the channel, the diatom flora was similar, but included 
in addition a number of diatoms which frequent the upper zones, such as 
Navicula (Diploneis) Smithii, N, (D.) litoralis, as well as other species which 
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are ubiquitous for the marsh, e.g. Navicula gregaria, N. subinflata var. elliptical 
N, (DiploneU) didyma and Nitzschia navicularis. Probably these additional 
species spread with the Rhizoclonium from the adjoining turf. Similarly a 
sample from the bottom flora of a pan at Ynyslas in July yielded forms which 
are partly marginal, such as Nitzschia rigida, Gyrosigma diaphanum, Nitzschia 
punctata, N. acuminata, ScoUopleura tumida, Gyrosigma attenuatum> var. scat- 
prum and Amphora Proteus, and partly species of unrestricted distribution 
or more characteristic of the higher zones, e.g. Navicula gregaria, N. dncta 
var. heufleri, N. (Diploneis) didyma, N. (D.) litoralis, N, subinflata. 

The pans and smaller channels therefore seem to provide an intermediate 
habitat in which two types of diatoms, either marginal, or characteristic of 
the higher zones, may find shelter for a time. At times of tidal submergence, 
however, the vegetation is disturbed, so that no stable habitation is possible 
and it is impossible to say whether one or both types could survive the con- 
ditions indefinitely. 

III. Marginal Cyanophyceae community^, 

Oscillatoria sancta Co-T). S. subtilissima C. 

O. corallinae Co-I). Microcoleus chthonoplastes O. 

Phormidium angustissimum C. Oscillatoria formosa O. 

P. tenue C, O. laetevirens R. 

Spirulina major C. Phormidium fovoolanim R.* 

S. subsalsa C. 

In its typical form this community occurs from about July-October 
(Fig. 3, III) as a dark, almost black stratum, about 12-18 in. broad, lining 
the upper margins of channels at Canvey within a few inches of the upper 
vegetated margin (Fig. 1, III). It has not been observed at Ynyslas. As a 
rule the first two species are present in the greatest quantity, usually with 
one or more species of Phormidium. or Spirulina admixed. Sometimes a more 
or less distinct film of Cyanophyceae may be visible on the marginal mud 
even as late as April, but the composition of the film is not typical of this 
community and is often restricted to a local growth of one or other of the 
various constituents. Thus in April, 1926, Spirulina subsalsa occurred in a 
pure stratum, and Oscillatoria corallinae is likely to be found at all times of 
the year, but the blue black film composed of the above mixture of fqrms is 
only typically produced in the late summer and autumn. 

IV. Ulothrix flacca community 

Ulothrix flacca I). Rhizoclonium hieroglyphicum sulwsp. riparium R. 

U. Bubflaccida R. Enteromorpha minima R.® 

This is a strictly vernal community which makes its appearance in early 
January and begins to disappear in March or April (Fig. 3, IV). Often it 
consists of a pure growth of Ulothrix flacca, the other species being entirely 

^ Many of these algae are figured in Part II (Garter (6), Fig. 10). 

. 2 For abbreviations see footnote p. 389. ® Cf. Part II (Garter (6), Fig. 1), 
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absent. The community appears in the upper margins of channels in the Aster - 
Salicornia and Aster-Glyceria zones. Beginning as a silky weft of threads in 
a few sheltered low-lying parts of the marsh, it spreads until all the lower 
zones of the marsh are covered by a delicate green carpet (Fig. 1, IV). In its 
development the alga envelops all pre-existing vegetation or debris. If there 
has been, at an earlier stage, a growth of Vaucheria or Pylaiella, this is 
all covered by the delicate cobwebby stratum; the remains of Af$ter and 
Salicornia plants, and the leaves of Glyceria which have been washed prostrate 
by tidal submergence are all festooned by this alga. In March or April, 
according to the time of neap tides, the weft becomes desiccated, fails to 
recover and is replaced by a vigorous growth of Enterornorpha. 

V. Enterornorpha minima-Rhizoclonium community^. 

Enterornorpha minima D.® 

Rhizoclonium hieroglyphicum subsp. riparium V.C. 

This is essentially an epiphytic community which has only been observed 
at Canvey. The algae use as a substratum any plant which has a suitable 
rough exterior to provide anchorage, and in the course of the year various 
hosts serve. Enterornorpha minima occurs chiefly as sporelings about November 
to January. At this time of the year the remains of withered Salicornia plants 
and the basal parts of stout Aster stems are covered with a green blanket 
composed largely of this alga. Older Enterornorpha plants associated with 
Rhizoclonium retain the same habitat until about May, when the phanerogams 
begin to show their new growth, and the previous year’s remains have at 
length become disintegrated. Masses of Enterornorpha minima, still attached 
to phanerogam debris, may sometimes be washed up by the tide. The perennial 
woody stems of Obione form a suitable habitat for this community all the 
year round, but the Aster and Salicornia remains provide the most important 
substratum in the particular season when they are available. 

VI. Anabaena torulosa community^, 

Anabaena toruloHa !>.* 

Noclularia Harveyaiia C. 

This community is much more common at Canvey than at Ynyslas, but 
it was observed on one occasion at Ynyslas, overlying Sphacelaria lining the 
upper margins of some of the channels draining the salt marsh. 

When the community is fairly pure and there is a large proportion of 
Anabaena present, it forms circular glistening patches varying from one to 
several centimetres in diameter, spreading as a thin, smooth film over bare 
soil, Vaucheria or any other alga which happens to have been previously in 
possession of the substratum. Frequently it mingles with community No. Ill, 
in which case the limitation of the colonies may not be as sharp. The duration 

‘ C3f. Part II (Carter (6), Fig. 6, p. 146). > For abbreviations see footnote p. 389. 

» Cf. Part II (Carter (6), Fig. 14). 
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of this community is very short, for it is rarely seen except in J uly and August 
(Fig. 3, VI). Its regular appearance, always in July, is most striking. In level 
it extends from the bare mud just beneath the Aster -Salicornia zone to the 
Obione and Aster-Glyceria zones (Fig. I, VI). Johnson and York (14) describe 
the occurrence of the colonies of Anabaena torulosa in Cold Stream Harbour 
at a level of 4-6 ft. above mean low-tide mark. 

DISTRIBUTION OF COMMUNITIES, YNYSLAS, 

Upper Fest. 

Escarpments 


Junoetum 


Lower Fest. 


Armerietum 


Glycerietum 


Salicometum 


Mud in channel 

Community No. 

Fig. 2. Showing the range of the algal communities in the zones of the marsh at Ynyslas. 
I, general Chlorophy ceae ; A, Chlorophyceae components; B, Cyanophyceao components, 
which have, on the whole, a higher distribution on the marsh than A. II, marginal com- 
munity of diatoms. VII, filamentous diatom community. IX, Phormidium autumnnle 
community. X, Rivuldria-Phaeococcus community. XI, PelveMa mmliculfiln ecad muHcoideH 
community. XII, CateneWi opuntia-Bosirychia scorpioides community. 

VII. Filamentous diatom community’^, 

Naviciila (Schizonema) GrevilUi L.D.® 

Navicula (Schizonema) ramossisBlmum L.D. 

Gyrosigma scalproides var. eximium L.D. 

Diatoms of groups I, IV or V (see Part II, Carter (6), p. 171) subsidiary. 

This community is seen best at Canvey, although even there its distribu- 
tion is exceedingly limited. Wherever the soil is covered with an almost 
imperceptible brown film, as frequently happens in the Aater-Salicornia, Obione 
and Glyceria zones, the presence of this community is to be suspected (Fig. 1, 
1 Cf. Part II (Garter (6), Pig. 18). 2 For abbreviations see footnote p. 389. 





Nellie Carter 


395 


VII). The community is not a seasonal one and is represented at most times 
of the year (Fig. 3, VII), although it is much more conspicuous in the winter 
months, since larger algae are rarer then and there is much more bare soil 
on which it can spread. Besides thus playing a part at times in the more 
densely vegetated parts of the marsh, this community is often of considerable 
importance as a pioneer community, as it is the first vegetation to establish 
itself on the surface of any soil which is out of reach of most ordinary tides. 
Thus, where channels have been cut deeply into the higher zones by strong 
tides, the margins often being undercut and with an overhanging sod held 
together mainly by the roots of phanerogams, this community of filamentous 
diatoms will probably be developed on the bare mud just beneath the 
phanerogams, where submergence is not frequent. Again, in the course of 
time, the contour of the larger channels continually changes in such a way as 
to produce hummocks of slightly higher level than the surrounding mud (cf. 
Part I, Carter (5), p. 366, and Part II, Carter (6), p. 183). The first vegetation 
to establish itself on the developing hummock is tliis filamentous diatom 
community. It is frequently invaded by filaments of Cyanophyceae or Chloro- 
phyceae which represent later stages in the colonisation. At higher levels on 
the marsh, also, e.g. in the Aster-Salicornia or Obione zones, the community 
can also be recognised interspersed amongst Anabaenay Phormidium or other 
algae, which seem to come and go in their appropriate season without exter- 
minating the diatoms. The community seems unable to tolerate soft mud or 
frequent tidal submergence and is therefore not developed so extensively on 
the mud of the channels as community No. II, preferring a firmer substratum 
which is not so frequently inundated. Naviculu (ScMzonema) Grevillii is the 
usual dominant, but Gyrosigma scalproid^^s is nearly always present. Navictila 
(Schizonema) raniossissimum was only once observed to be dominant (June, 
1929). The associated forms are such diatoms as Namcula gregaria^ N. cincta 
var. heufleriy N. amrnophila vav. Jlanatdca, N. (Diploneis) Utoralis and Gyrosigma 
Spenceri, which as one can see at a glance, are chiefly diatoms characteristic of 
all zones or of the top zones only (cf. Part II, Carter (6), p. 171). 

At Ynyslas, owing to the more closed nature of the vegetation this com- 
munity is very rare, being represented only to a slight extent on vertical 
escarpments which have recently been eroded (Fig. 2, VII). Here it may 
frequently be found on firm soil which seems to be quite bare. Navicnla 
(Schizonema) Grevillii is often the only representative and community No. X 
is usually present in greater abundance. 

VIII. Autumn Cyanophyceae community^. 

Osoillatoria Bonnemaisonii Co-D.* Microooleus chthonoplastes Co-D. 

O. nigro-Tiridis Co-D. Lyngbya confervoides O. 

O. brevis Co-D. 

This community is essentially characteristic of the Aster-Salicomia and 

^ Cf. Part II (Gartar (6), Fig. 9). * For abbreviations see footnote p. 389. 
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Obione zones at Canvey, rarely extending into the Glyceria zone (Fig. 1, VIII). 
Usually two or more of the first-mentioned species seem to be the dominant 
species, but there are usually at least three or four different Cyanophyceae 
and a number of diatoms present, representatives of groups I, II or III (cf. 
Part II, Carter (6), p. 171). The community is a seasonal one and lasts from 
about July to November (Fig. 3, VIII). 

IX. Phormidium autumnale community. 

Phormidium autumnale very frequently forms continuous sheets of con- 
siderable extent in the Aster -Olyceria, Obione and Glyceria zones at Canvey 
(Fig. 1, IX). It tends at times to mingle with community No. VIII, but so often 
does it occur alone that it seems to be an independent community. Further 
it seems to favour higher levels than the autumn community of Cyanophyceae, 
since it rarely descends as low as the Aster-SaUcornia zone. The alga often 
occurs in pure sheets, in which there are no associates except a few 
diatoms. It is more important in late summer and autumn, becoming abun- 
dant in July and remaining so until about November (Fig. 3, IX). At Ynyslas 
the alga is often found in sheets covering the soil between clumps of J uncus 
in the Juncetum zone (Fig. 2, IX). 

X. Rivularia-Phaeococcus community. 

Rivularia atra D.^ Endoderma perforans C. 

Phormidium molle C. Phormidium autumnale O. 

J^haeococcus adnatus 0. Navicula (Schizonema) Grevillii O. 

This community is characteristic of vertical escarpments at Ynyslas 
(Fig. 2, X), and to a less extent at Canvey (cf. Part I, p. 365). It persists all 
the year round (cf. also Parts I and II, Carter (5), p. 364; (6), p. 169). Cotton 
(8, p. 82) has described the vegetation of vertical banks in salt marshes near 
Clare Island, which is similar to that of Ynyslas in including species of 
Rivularia and Phaeococcus adnatus. Cotton also includes in the community 
Rhizoclonium riparium, Vaucheria coronata and Calothrix fasciculata. There is 
a notable absence in the marsh at Ynyslas of both the latter species in the 
escarpment flora as far as present observations go. Vaucheria. sphaerospora 
was observed at the margins of the marsh on one occasion ; it was not, however, 
growing on a firm escarpment, but on soft low-lying mud. Cotton found that 
in the localities examined by him there was definite vertical zonation to be 
recognised in the alga. Thus Rivularia Biassolettiana occupied the top zone 
of 1 in., next came Phaeococcus adnatus occupying 2-6 in., followed by Rivu- 
laria nitida, 1 ft., with Vaucheria and Calothrix^ 1-2 ft. and Rhizoclonium with 
Fu^us spiralis^ 1-2 ft. at the base of the escarpment. Thus according to Cotton 
Rivularia and Phaeococcus occupy up to 1 ft. 7 in. of the vertical height of the 
escarpments. At Ynyslas also, similar algae occupy equivalent areas of the 


^ For abbreviations see footnote p. 389* 
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escarpments, but there was no obvious separation of the Rivularia and Phaeo- 
COCCU8 into zones at Ynyslas, the area being generally strewn with Rivularia 
colonies, and the presence of the Phaeococcus on the soil between them was 
not suspected until discovered by microscopic examination. 

The community is simplified considerably when it is represented on the 
somewhat rare escarpments which occur further back in the marsh at Canvey 
(see Part I, Carter (5), p. 365). 

The writer has not included Rhizoclonium riparium and Pylaiella litoralis 
in this community because they do not seem to have any intimate relathm 
with the above forms ecologically. The former seems to be an invader from 
the adjacent turf zones and is merely an accidental inhabitant of the escarp- 
ments, whilst Pylaiella is only a vernal form and is likewise only an incidental 
inhabitant (see also Carter (5), p. 364). Neither occupies the substratum in the 
same way as Rivularia and PhaeococcuSy etc., both being much more superficial 
in their habit (cf. Carter (5), p. 365). 

XL Pelvetia canaliculata ex ad muscoides community. 

This community persists all the year round (Fig. 3, XI). Cotton (8) has 
described an association of Fucus vesiculosus var. muscoides which cover con- 
siderable areas on peaty shores and on the salt marshes of the Clare Island 
region. The alga found at Ynyslas closely resembles Cotton’s alga, but the 
position with regard to the tides is not identical. According to Cotton, the 
alga occurred in pure stretches or with scattered plants of Glyceria maritirnay 
Armeria maritima or Salicorniay just above mean high tide level, so that it is 
submerged at the time of spring tides and may be dry for 9 or 10 days between 
them. At Ynyslas the fucoid community occurs at a considerably higher 
level, in the Juncetum zone (Fig. 2, XI), where, according to Yapp ( 21 , p. 74), 
the substratum is only submerged during exceptional conditions of wind and 
tide, and presumably may be dry for many months at a stretch. As Yapp 
has shown, however (p. 70), the evaporating power of the air above the 
Armerietum is 2*26 times as great as that at a similar height (3 in.) above 
the substratum in the Juncetum zone, owing to the protection of the tall 
J uncus plants. No doubt, therefore, the shelter of the habitat at Ynyslas 
compensates to some extent for the rareness of tidal submergence. 

The difficulty of identifying the Ynyslas plant accurately has already been 
referred to (see Part II, Carter (6), p. 206), and it is worth considering whether, 
in view of its higher position on the marsh, this alga may really be a form of 
Pelvetia canaliculata, and is possibly not identical with Fucus vesiculosus var. 
muscoides of Cotton, which has a lower vertical range. The normal form of 
Pelvetia canaliculata occupies a higher level on the seashore than Fucus vesi- 
culosus (cf. Cotton (8), pp. 23, 62). It is possible therefore that both species 
have marsh forms, that of Pelvetia occupying a higher level than that of 
Fucus, and both occurring at a much higher level than their respective typical 

26-2 
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forms. It is unfortunate that the marsh forms retain almost none of the distinc- 
tive characters of the typical form, so that these suggestions cannot be proved. 

At Ynyslas the fucoid alga forms locally quite compact growths and there 
are few other algae associated with it. It may, however, sometimes possess 
a ground flora of Vaucheria, 



Community No. I II III IV V VI VII VIII IX X XI XII 


Fig. 3. Showing the seasonal periodicity of the algal communities of the salt marsh. I, general 
Chlorophyoeae community; A, Ohlorophyceae components; B, Cyanophyceae components, 
which become more prominent in the late summer and autumn. II, marginal community of 
diatoms; C, components with a winter maximum; Z>, components with a summer maximum. 
Ill, marginal Cyanophyceae community. IV, Ulothrix flacca community. V, Enteromorpha 
mininM-Bhizodorimm comm\mity. VI, Anabaenatoruhsacomiayinity. VII, filamentous diatom 
community. VIII, autumn Cyanophyceae community. IX, Phormidiumaut%iinnale community. 
X, Bivularia-Phaeococcus community, XI, Pelvetia canaliculaUt eoad muscoides community. 
XU, Catenella opuntia-Boetrychia soorpioides community. 

XII. Catenella opuntia-Bostrychia scorpioides community. 

This community is represented all the year round (Fig. 3, XII). Cotton 
(8, p. 82) noted the association of these two plants, which he described as 
forming a pad under the rosettes of Armeria maritima^ whilst in addition, 
Bostrychia hangs loosely from the branches of Atriplex or lAmonium, along 
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channels. The distribution of these at Ynyslas and at Canvey has already 
been given (see Part II, Carter (6), p. 207), and it will be seen that there is 
much agreement with the facts given by Cotton. On the whole it is best to 
regard this community not as an independent one, but rather as an adjunct 
to the Juncetum zone at Ynyslas. Bostrychia as it occurs alone at Canvey 
can be considered as an adjunct to the Obione and Glyceria zones. 

Some years ago (before 1926) a square foot of the Juncetum soil at Ynyslas 
was transplanted intact with its plants by Prof. Yapp into the Armerietum zone. 
In 1927- 9 this transplant failed to yield any of the three larger algae, Catenella, 
Bostrychia and the fucoid. Unfortunately it is not known whether these algae 
were present originally in the transplant, before removal. Cotton states how- 
ever ( 8 , p. 82) that long exposure to air is important to the Catenella- Bostrychia 
vegetation. This is quite in accordance with its absence from the transplant 
in the Armerietum, which must have much more frequent submergence than 
the main Juncetum zone. 


XI. Discussion. 

Detailed ecological work on the algae of salt marshes is not abundant. 
Various investigators, working on the phanerogam flora of such regions have 
included scattered observations on the more obvious algal constituents (see 
Marsh ( 16 ), Walton ( 19 ), Morss ( 17 )). Walton’s paper on the Spitzbergen salt 
marsh is interesting since one of his pools contains quite a number of diatoms 
which have been observed in the present work. Apart from these papers 
dealing primarily with phanerogams, there have been investigations on par- 
ticular salt marsh plants like those of Baker ( 1 , 2 ) on the salt marsh Phaeo- 
phyceae; Conrad ( 7 ) on the Flagellates of brackish water; Card ( 10 , 11 ) and 
Bracher ( 3 , 4 ) on Euglena, Gomont ( 12 ) gives a short list of salt marsh plants, 
but there is little detailed ecological work on salt marsh algae as a whole 
excepting that by Johnson and York ( 14 ) and Cotton ( 8 ). In his paper on 
the algae of Clare Island, Cotton confined his attention mainly to the larger 
forms, the smaller algae being as a rule neglected. A number of communities 
or “associations” were recognised, and besides those listed by him as salt 
marsh communities on p. 78, probably some others considered by him as 
part of the “sand and sandy mud formation” (p. 61) also come into con- 
sideration here. Thus a number of the communities described by Cotton in 
this paper can be recognised again in the alga vegetation of Ynyslas and 
Canvey, but in addition a number of other communities have been recognised 
of which no mention is made by Cotton. 

Johnson and York ( 14 ) in their account of the vegetation of Cold Stream 
Harbour give useful information concerning some of the algae of brackish 
water, though their work embraced the flowering plants as well as cryptogams, 
and many of their determinations of the algae were only taken as far as the 
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genus. The area considered by them included seme salt marsh, but the 
dominating phanerogam was in this case Spartinay a plant absent (except 
where planted) from both the areas studied in this work. These authors 
separated their plant communities primarily according to level, taking the 
mean low tide level as the basis of height, the high-tide level being 8 ft. higher. 
On the Welsh coast near Ynyslas, neap tides rise to 10 ft., and spring tides 
to 14 ft. 3 in., so that the range of the tides is greater there than at New York. 
In the Thames estuary the corresponding figures are 17 ft. Sin. and 20ft., 
so that here there is a still greater range coming under the influence of the 
tides. The mid-littoral belt (l‘5-6*5ft.) of Johnson and York and probably 
part of their upper littoral belt (6*6-8 ft.) as well, correspond to the areas of 
salt marsh studied at Canvey and at Ynyslas, although the levels are not 
comparable, owing to the difference in range of the tide. It is interesting to 
note that many of the same algae inhabit areas of salt marsh in the New 
World as in the Old, Rhizocloniumy Vaucheria Thuretiiy Enteromorpha sp., 
Lyngbya aestuarii, and other algae frequently seen in the course of this work 
being also noted by Johnson and York. It is interesting too that they also speak 
of circular glistening patches of Anahaena torulosa which are so conspicuous 
at Canvey. 

Johnson and York further state that of the twelve algae which are frequent 
in the upper littoral zone, among which are Rhizoclonium ripariuniy Entero- 
rnorpha clathratay V micheriay Microcoleus chthovioplastes and Lyngbya aestuarii, 
any one of the twelve may grow by itself or with one or two others, or several 
may grow together as tangles. This corresponds quite well with the experience 
of the writer at Ynyslas. A growth of Rivularia on vertical overhanging banks 
was also noted by Johnson and York and is to be compared with the occurrence 
of a similar growth at Ynyslas. In the supra-littoral belt (8 12 ft.) Johnson 
and York only note amongst the algae the presence of Lyngbya sp. and 
Nostoc sp. This probably corresponds with the Upper Pestucetum at Ynyslas. 
Diatoms were not given much attention by these authors, and there was no 
attempt to classify them according to level. Tide limits are given, however, 
for a number of species at the end of the work (p. 144) which, with a few 
exceptions, are quite consistent with the writer’s observations. One notable 
exception is Namcula Grevillii, which certainly occurs in this country far higher 
than 1 ft. above mean low water; it has been observed in the Glyceria zone 
at Canvey which is not more than 1 or 2 ft. below high tide level. 

The ecological study of salt marsh algae is difficult partly because they 
do not show sharp zonation with regard to level, and also because there is a 
definite periodicity according to the season of the year, the same piece of 
ground thus providing a substratum for several distinct algal communities 
which follow one another in regular succession as the seasons change. This is 
particularly striking at Canvey. At Ynyslas there is not the same conspicuous 
changing algal flora, because communities Nos. Ill, IV and VIII, which are the 
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markedly fleeting ones, do not occur there in their typical form, and No. VI 
is only occasional on the bare mud of channels. 

It is in the Aster ‘Salicornia zone at Canvey, especially where the soil slopes 
down abruptly to the stretch of mud, that the most striking series of changes 
takes place. In December or the early part of the year a member of the 
Ectocarpaceae often appears, though not invariably. In January, about the 
same time, or soon afterwards, Ulothrix jlacca develops, and covers up any 
pre-existing brown algae. Whether the brown alga is present or not, however, 
by February the soil and any remains of plants, such as Aster stumps, dead 
leaves, dead Salicornia, etc. are all completely enveloped by the Ulothrix. In 
March, this alga begins to decrease in vigour. Meanwhile Enteromorpha fila- 
ments make their appearance and by April or May have completely buried 
the Ulothrix. The Enteromorpha carpet lasts until about September, when the 
soil becomes bare or supports only Cyanophyceae except where Vaucheria is 
in possession. The dates given are of necessity only approximate, since the 
tides control the activity of the algae to some extent. A period of drought 
associated with a neap tide will tend to hasten the disappearance of many 
forms. The Cyanophyceae provide other, though less striking, examples of the 
same periodicity. Colonies of Anabaena torulosa appear almost spontaneously 
in July, their bright glistening colonies developing on the soil at the margins 
of the marsh, or on top of any algae which happen to be in possession of the 
substratum in the lower zones at that time. 

The real ecological nature of this succession on the salt marsh is not very 
clear, and it is not easy to correlate it with any similar changes occurring in 
communities of higher plants. It is, of course, similar to the periodicity or 
succession of phases which is known to occur in the plankton of lakes and in 
the flora of ponds. Such periodicity is well established in the case of small 
algae living in an aquatic habitat; cf. West (20), Fritsch and Rich (9), Hodgetts 
(13). Probably this provides the nearest analogy to the series of events just 
described. 

Amongst aerial plants, there is certainly some similarity to the seasonal 
phases of a woodland such as our familiar deciduous woodland, where the 
species most prominent in the herbaceous undergrowth change during the 
course of the year, some species having their most active phase in the spring 
and fruiting early, these being replaced by species whose period of activity 
occurs in the later months. The dominant plants of the woodland, the trees, 
are conspicuous throughout the year, but it is the periodicity of their activity 
which largely controls the changes in the subsidiary plants. Thus in a deci- 
duous wood, the causes of the succession of phases in the ground flora, although 
immediately related to such conditions as light, can ultimately be traced back 
to the trees, and are therefore biotic in their origin. 

Comparing the Aster- Salicornia zone at Canvey with such a woodland, the 
phanerogams, like the trees of the woodland, undergo seasonal changes. The 
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Aster plants are represented by a stump and basal rosette of leaves during 
the greater part of the year, and send up their tall flowering stems in late 
summer, but they are too distant from each other to affect seriously the 
illumination of the ground in the same way as the trees of the woodland. The 
cylindrical stems of Salicomia are only present from about May-October, and 
their peculiar morphology is such that they do not interfere very much with 
the ground flora of algae. Therefore the phanerogams of the Aster- Salicomia 
zone are probably not so largely instrumental in controlling the seasonal suc- 
cession of algae clothing the soil, as the trees of a wood in determining the 
nature of the ground flora. The factors concerned on the salt marsh are 
probably not biotic but seasonal, such factors as temperature and moisture 
being most important, both rainfall and tidal submergence being included in 
the latter. 

These seasonal changes in the salt marsh algae are most prominent in the 
Aster-Salicornia zone, because here the phanerogams are sparse, and do not 
impede the development of the algae. In the higher zones, such as the Glyceria 
zone, the flowering plants are more completely in possession, and the algae 
are not so abundant. Thus, although the alga flora is influenced by the same 
climatic factors as in the Aster- Salicomia zone, the biotic factors relating to 
the phanerogams tend to mask their effect, and the seasonal changes are not 
nearly as striking. 

A seasonal succession which seems to be more analogous to that shown 
by the salt marsh algae in being controlled by seasonal or climatic factors is 
that described by Saxton (18), who studied communities of phanerogams 
succeeding one another seasonally on a low-lying piece of ground in India, 
where the vegetation showed conspicuous periodicity in relation to climatic 
changes associated with the monsoon. The changes in that particular case 
were very striking, since in the wet monsoon aquatics were predominant, 
these giving way, as drier conditions prevailed, to helophytes and grassland 
and eventually to xerophytic plants. 

In contrast to deciduous woodland, where the herbaceous plants are 
affected largely by biotic factors, the vegetation described by Saxton, like 
the algae at Canvey, is controlled largely by climatic factors. Saxton found 
it difficult to analyse the vegetation of his area into associations, because, 
although some of the communities which appeared as phases in his area are 
known as stable communities elsewhere, in the region studied by him they 
were only transient and gave no lasting physiognomy to the area. Thus it 
seemed impossible to give them the status of association, and he accordingly 
suggested that the vegetation should be analysed into smaller units, synusiae^ 
or communities of plants of the same life form. He therefore described the 
changing physiognomy of the area as being due to a succession of different 
synusiae. It does not seem possible to apply this method of analysis to the 
algal vegetation of the salt marsh. No one has yet suggested a system of life 
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forms for the algae, and in any case, the changing physiognomy in the suc- 
cession of salt marsh alga6 is largely concerned with colour and texture, since 
the algae occurring in the different phases are nearly all of the same fila- 
mentous type. 

(conclitded) 
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TREE ROOTS AND THE FIELD LAYER 

By a. S. watt (Cambridge) and G. K. FRASER (Aberdeen). 

[With three Figures in the Text,) 

The modern concept of forest implies relationships of varying intimacy 
between the members composing it, and the unravelling of these is an essential 
preliminary to the proper understanding of this complex plant community. 
In seeking to explain some of these relationships attention has chiefly been 
drawn to the influence of the tree canopy on the composition and vigour of 
the ground vegetation. 

That light is a factor is not questioned. It acts directly on the field layer 
and also indirectly by setting limits to or stimulating soil processes, e.g. 
nitrification. But light as a direct factor has been invoked where it is not 
limiting, since the experiments of Fricke (2), Craib (1) and Watt (6,7) show 
that on certain soils the restrictive influence on the field layer or certain con- 
stituents of the field layer is removed by cutting the tree roots. Fricke, and 
Craib, on the basis of moisture determinations of the soil concluded that the 
tree roots reduced the water supply below the limit for the field layer. Neither of 
these authors appears to have tested his conclusions by the artificial application 
of water. Moreover, “Hesselman has tried trenching experiments in Sweden 
with negative results’^ (Moore, 4). Thus, under certain conditions, neither 
light nor soil moisture may be limiting: in fact, the nature and vigour of the 
ground vegetation is conditioned by a complex of factors (5). 

The experiments hitherto carried out do not therefore completely solve 
the problem. Many questions are left unanswered and it was our purpose to 
find satisfactory solutions to some of these by carrying out an experiment 
extending over several years. For various reasons it was found impossible 
to continue it and apart from occasional work in the third and fourth years 
it was practically abandoned after two years. The results obtained from this 
unfinished experiment are however considered of sufficient interest to justify 
publication, but it is hoped that the experiment will be repeated under more 
favourable conditions. 

The experiment was designed to test Fricke’s conclusions in the Heath 
Pinewoods of Aberdeenshire: to discover which (if any) plant nutrient or 
nutrients is limiting to the field layer: to find out in which soil layers compe- 
tition between tree roots and the roots of the field layer takes place or is 
most severe : to test the validity of the concept that trees and the field layer 
are edaphically complementary and generally to discover the relation between 
the trees and the ground vegetation. 

The area selected for experiment lies in a pinewood (Pinus silvestris) aged 
65 years, with an average height of 62*5 ft. The woodland is in the Deschmnpsia 
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stage ( 7 ) with D.fiexuosa dominant and Oxalis acetosella frequent to abundant, 
although somewhat patchy. Galium saxatile, Goodyera repens, Luzula pilosa, 
Trientalis europaea and Vaccinium, myrtillus complete the list of species found 
on the plots. Deschampsia, Oxalis and the other species constitute 78, 15 and 
7 per cent, respectively of the oven-dry weight of the original crops harvested 
(plots Pi_7). 

The soil — a podsolised boulder clay — shows less marked podsolisation than 
in the type ( 7 ). The profile, dug to 24 in. shows the following horizons (Fig. 1 a). 


Raw humiiK 

A, 

A 






2 m. 

(5 cm.) 

1*5 in. 

(4 cm.) 

2*6-3 in. 
(()*6~7*r> cm.) 


8 11 in. 
(20-28 cm.) 


At 16-18 in. 
(38-40 cm.) 
from surface 


Dark brown remains of iJfHchumpsla and pine needles bedded and 
interwoven by living and dead roots of J)eHcfm7n[m(i. 

Slightly mineralised black jieaty humus: greasy when wet, friable 
when dry. 

Grey (/Ig): humus stained above (4i), dull brown below owing to 
humus deposition (^g). No abrupt change to B or locally sharply 
demarcated by intense iron-humus deposition forming a pan-hke 
zone. 

Bright brown loose and friable soil of sandy loamy texture. Upper 
4 in. {a) more ferruginous brown with darker humus jjatches asso- 
ciated with roots oi pine and Deschampsia. These patches become 
more frequent in (/>), then continuous below, forming a dull 
brown-red zone, abruptly changing to into which it passes in 
the form of cracks and locally of wider tissures. 

Greenish grey, little altered boulder clay. Superficial layer breaking 
up into angular fragments cciated with dark brown hurnus-iron 
surfacf^ deposits. Thickness and continuity of these deposits 
diminish with depth. 


The pine root system conforms to the ‘‘diffuse'’ type with the strongest 
roots spreading from the tree just inside the mineral soil or projecting partly 
into the black humus above. The obliquely descending roots are weaker and 
practically the whole of the root system lies above the horizon; a few- roots 
penetrate cracks (Fig. 1 c). 

The roots of Deschampsia (Fig. 1 h) are very abundant in the raw humus, 
becoming noticeably less so in but increasing again slightly in The 
rootlets then become less frequent with depth through until near the 
junction with fig they again become more richly branched, spreading hori- 
zontally. Roots also penetrate the superficial layers of fig and descend cracks 
to a depth of at least 24 in. from the surface of Aq. The humus patches in fij 
contain numerous rootlets, which often run alongside or near pine-roots. 

The roots of Oxalis acetosella are quite superficial and restricted to the 
humus, with a maximum penetration of 2-5 3 in. (6-5-7-5 cm.). 

The experiment was begun in September 1926. Plots 3 ft. x 3 ft. were 
selected, each with one side running as a tangent to the nearest tree and 
3 ft. from it. Two plots Pj and Pg were left intact, and to Pg 2| litres of 
distilled water were added periodically (on the average at lO-day intervals) 
during July and August, 1927 and from the end of April to the end of August, 
1928. The amounts actually given work out at the rate of 27 in. and 20 in. 
per annum respectively. The average rainfall is about 32 in. Five more plots, 
Pg to P7, had trenches cut round them to different depths (Table I). During 




Ite. 1. o. Soil profile showing horizons; 6, diagrammatic root distribution of Deschumpsia fle^uosa; and c, distribution of pine root« at 3 ft. from the stom. 

The depth of shading indicates the degree of humus and iron-humus concentration. 
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Tree Roots and the Fidd Layer 

the opening of the trench the soil taken out was put on a waterproof cover, 
thus avoiding any effect due to mixing mineral soil with the raw humus. To 
avoid “edge effect” smaller plots, 2 ft. x 1ft. inside the larger were per- 
manently staked for record. The vegetation on these smaller plots was har- 
vested in September 1926 before cutting the trenches and harvested again in 
September 1927 and September, 1928. The crops were dried first in an incu- 
bator and then in an electric oven at 95° C. until the weights remained 
constant within 1 per cent. The weighings were made to 4 decimal places. 



-80 -60 -40 -20 0 20 40 60 80 100 



-80 -60 -40 -20 0 20 40 60 80 1 00 


Fio. 2. (Jraphs of data for plots Pi_, in Tables I and II, showing percentage increase or decrease 
in the weights of the original crops after watering and cutting pine and beech roots to 
different depths, n, ])e8cham'p.na flejruosa in pine' plots (P). b, Oxalis acelosella in pine 
plots (P). c, Oxalis (meloselUi in beech plots (P). 

although only two are given in the table. The crop weights are also calculated 
as a percentage increase or decrease on the original crop in each plot (Table I 
and Fig. 2 a and b). 

To four additional untrenched plots (Pg-Pu) nitrogenous manures were 
added in one dose on May 22nd, 1927 and repeated on May 2l8t, 1928. 

Since rabbits grazed the Deschampsia oh the manured plots the whole 
experiment was fenced in at the beginning of April 1928. 

Beside this experimental area stands an old beech of pioneer form. Below 
it the litter and humus is 4 in. thick and Oxalis is frequent to abundant. The 
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beech root system is diffuse, with a definite concentration of larger roots 
between the litter and the mineral soil. Six plots, 2 ft. x 1 ft., end on to the 
bole and equidistant 8 ft. from it, were laid out. Two {F^ and were left 
as controls: four {F^ to F^) had trenches cut round them to different depths 
at about 6 in. from the margin. The same precautions were taken as before 
and the crops dealt with in the same way (Table II and Fig. 2 c). In this 
series no plot was watered or manured. 



Fkj. 3. Th(^ (Tops of De.srhnmp^i ft flcxuom (upper photo.) aud of Oralis (irHosrUa (Iow(t) from the 
Pine plots 1-7, 8ept. 1928, two yc^ars after cutting the tree roots. Note the increase in size of 
crop with incn^asing depth of cut: the effect is seen hoth in the deep rooting Dcscfmaipsia 
and the shallow rooting Oxalis. 

During the first two years of the experiment the plots were visited, about 
once a week, during the vegetative season and at irregular and longer intervals 
during the winter. Records were kept of the vigour of the crops and of the 
number of flowering shoots on each plot. A satisfactory picture of the relative 
vigours of the crops may be obtained from the data and from the photographs 
(Fig. 3). Notes on the flowering are given in the last column of Table I. 

The results cannot be subjected to statistical treatment. It was expected 
that variations and the experimental error in cropping would smooth them- 
selves out in time, but the abrupt termination of the experiment precludes 
this hope. In drawing conclusions from data which are very suggestive and 



Table II. Data from the plots under Beech showing the effects on the field layer of cutting the tree roots 
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lend themselves to much speculation the authors have confined themselves 
to what appear legitimate deductions. They wish neither to be dogmatic nor 
timid in offering their interpretation as something more than accredited sug- 
gestion with the stamp of high probability. 

General deductions. 

The assumption is implied that, at the time of laying down the experi- 
ment, the vegetation of each plot had reached a stable equilibrium with its 
environment. 

In assessing the effect of the different treatments account must be taken 
of the diminution in the size of the crops due to harvesting. In this respect 
Oxalis suffers more than Deschampsia (a somewhat unexpected result), for 
while in the second year Deschampsia holds its own, Oxalis shows a further 
decline (Fig. 2, graphs Pg) ^4)- other species are 

present in too small amounts to justify any conclusion being drawn. 

The addition of distilled water on the surface is without effect on Des- 
champsia or Oxalis (Fig. 2 a and 6 , graphs 2 ). 

A scrutiny of the graphs shows that the effect of cropping is not overcome 
by any cutting down to the mineral soil: that cutting through the humus 
and 4 in. of the mineral soil (and the chief pine and beech roots) enables both 
Deschampsia and Oxalis to hold their own (graphs 5), so that in the 
absence of harvesting the crop would have benefited to some extent by the 
changes due to trenching: and that both Deschampsia and Oxalis benefit 
greatly by trenching to the deeper soil layers. The graph for Oxalis (Fig. 2 6 , 7) 
is an exception, but reference to the data shows that the absolute size of the 
crop was the largest of any. Competition between Deschampsia and Oxalis 
may be suggested and while in P^ a decrease in the Deschampsia from - 1-71 
to f 44 is accompanied by a great increase in Oxalis there is scarcely enough 
evidence to conclude that the continued increase in Deschampsia in P^ accounts 
for the small increase in Oxalis. It is probable however that the deepest trench 
favours the Deschampsia relatively to the Oxalis. A favourable influence of 
Deschampsia on Oxalis is excluded as a possible factor because corresponding 
increases in Oxalis are found in the beech plots — at any rate up to the 8 in. 
trench {t\). 

Differences in the flowering of Deschampsia were pronounced. In the wood- 
land generally flowering was sparse and no significant departure from this 
behaviour is met with except in Pg, P^j and P 7 , where in 1928 there appeared 
9, 16 and 7 flowering shoots respectively. Further, in P 5 all 9 survived till 
September 1928 whilst 15 survived in Pg and only 3 in P 7 . Conditions for 
flowering are evidently most favourable in Pg and while the absolute crop in 
P 7 is almost double that of Pg yet conditions are less suitable for flower 
production. 

Joum, of Ecology XXI 
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Tree Roots and the Field Layer 

In January, 1932, a profile was exposed through plot P7. The humus zone 
(Aq) is much more diffuse and the horizon more loose and friable than 
outside the plot. Deschampsia roots are much more abundant to a depth of 
5 in. and richer throughout , but especially so round the plot margin, i.e. 
near the trench, where they are also abundant to a greater depth. The fria- 
bility of the soil is not a local variation but is a result of cutting the trench 
and possibly directly due to the root action of Deschampsia, But this requires 
further study. 


Discussion. 

It is commonly stated that trees and their accompanying herbs are edaphi- 
cally complementary. This conclusion is based on the distribution of the roots 
alone and takes no account of (1) the part played by the tree roots at different 
layers to supply water and nutrients to the tree and (2) the effect of the lower 
soil layers on shallow rooting plants. Thus Scandinavian authors (e.g. Lind- 
quist (3)) claim that there is no correlation between tree growth and the 
herbaceous vegetation because tree roots tap soil layers too remote to affect 
the herbs. But if, as is sometimes stated — and there is ground for the belief — 
the bulk of the nutrients supplied to the tree comes from the surface layers 
and the deeper roots provide little else but water, then both herb and tree 
are exploiting the same layer for nutrients, the difference being that whereas 
the tree is not dependent on the superficial soil layers for water the herb 
presumably is. 

Now Deschampsia flextiosa is a deep rooting grass and Oxalis acetosella is 
a shallow rooting herb. On the commonly accepted hypothesis Deschaynpsia 
and Oxalis would compete with the tree roots at all depths up to the limits 
of their root penetration, but the evidence from this experiment shows that 
cutting the roots below the limit of penetration of Oxalis has a progressively 
beneficial effect at least up to 8 in. from the surface of the mineral soil, and 
that the maximum increase in Deschampsia is obtained (after two years) by 
cutting to at least 13-18 in. from the same level. 

At the start of the experiment it was thought that cutting the main tree 
roots running at or near the mineral soil surface would produce the maximum 
effect at any rate on Oxalis, but the data in both the pine and beech plots 
show that the gain is just sufficient to offset the handicap of cropping. 
Cutting down to the mineral soil does not of course interfere with the rootlets 
(except near the margin of the plot) rising upwards from the main roots into 
the humus. Thus the absence* of an effect due to cutting to this depth may 
be explained on the ground that pine root competition is not really removed 
from the stratum occupied by the roots of Oxalis, But the progressive benefit 
accruing from trenching to lower levels shows that the deeper lying roots or 
soil layers have some influence on the Oxalis roots lying in the humus. 
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In the absence of a complete record of the factors affecting the growth of 
Deschampsia and Oxalis in the plots it is impossible to separate effects on the 
crop due to the removal of tree root competition and to changes (e.g. decay 
of roots) following cutting. Water applied on the surface did not have any 
effect. It is possible however that the water applied did not reach the lower 
soil layers, but the absence of a definite effect on Oxalis, which would clearly 
be exposed to the addition, renders unlikely the hypothesis that water is 
the limiting factor. It is still possible however that Deschampsia may 
benefit from water applied at a suitable depth in the soil. To test this wax 
lined holes \ in. in diameter were formed and water applied (during 1929 and 
1930) at 4 in. and 8 in. from the mineral soil surface in plots and re- 
spectively. The resulting crops were not harvested and the qualitative assess- 
ment in the field puts the two plots watered in this way just better than 
plots P 3 and P^ in 1929 but similar to them in 1930. All four remained poor 
and distinctly poorer than the plots where the mineral soil was cut. 

As a factor contributing to enhanced vigour, improved soil aeration would 
appear to be dismissed on the ground that the cropped part was in the centre 
of the area round which the trench was dug and because in one plot surrounded 
by a deep trench the vigour of Deschampsia and Oxalis shows a sharp transi- 
tion on the side next the tree whose roots were cut and a gradual change on 
the side remote from it. The effect in this case therefore does not appear to 
be an extension from the trench. Nevertheless the possibility remains that 
soil aeration is improved by the decay of the severed roots: and the further 
possibility exists that trenching affects the internal drainage system of the 
trenched plots and with it the soil aeration. A distinction must thus be made 
between a possible effect due to disturbance of the water-air-soil system as 
the result of trenching and an effect due to the removal of root competition. 
The position is further complicated by the repercussion on the soil of the 
enrichment of the Deschampsia root system to lower levels. 

The deeper pure green of the crop inside P 5 , P^ and P^ suggests an increase 
in the nitrogen available. Determinations of the percentage of total nitrogen 
contained in the 1927 crop of Deschampsia are given in Table 1. The data are 
remarkably uniform for P ^ , Pg P 3 and show a definite increase in P^ , Pg 
and P 7 with a maximum in P^. In view of Lindquist’s statement that 
Deschampsia Jlexuosa is a mycotrophic plant dependent for survival on the 
absence or restriction of nitrification, it is assumed that no nitrification was 
taking place. But it would have been of interest to find out exactly what 
conditions restricted flowering, while promoting vegetative growth. To test 
the hypothesis that nitrogen is a limiting factor doses of nitrogenous manures 
were applied (Table I, Ps~Pn)- The results of the first year were nullified 
because rabbits ate the manured grass. (It is significant that in a previous 
experiment where the tree roots were cut, rabbits definitely preferred the 
Deschampsia inside the plot.) The results from 1928 show that the application 
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of limited doses of ammonium nitrate had a beneficial effect on the Des- 
champsia but the largest dose as well as the application of ammonium sul- 
phate had an adverse effect. On Oxdlis the effect is more striking: the two 
smaller doses of ammonium nitrate had no stimulating effect while the appli- 
cation of ammonium sulphate and the largest dose of ammonium nitrate 
eliminated Oxalis altogether. The application of the nitrogen produced a 
colour change somewhat similar (but a bluish green rather than a pure green) 
to that in the trenched plots but the final judgment in the field is that 

the physiological effect is not the same. It is possible that the same application 
spread over a period may yield different results. One may however conclude 
from the evidence that increased availability of nitrogen is in all probability 
one factor responsible for the increase in Deschampsia. Whether the increase 
of nitrogen is due to the removal of the tree roots as competitors or to changes 
following trenching is not determined. 

While this experiment is incomplete it directs attention to the changes in 
the physical condition of the soil in the plot brought about by cutting a trench 
round it. It also opens up the whole question of the relationship between the 
trees in a woodland and the accompanying herbs and grasses, and points to 
the need of examining afresh the concept of edaphically complementary 
species. Just as the tree layer affects the light intensity at the level of the 
field layer so it appears that deeper lying tree roots may not be without 
influence on the welfare of the plants whose roots are restricted to the surface 
layers of the soil. 
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PLEISTOCENE CLIMATIC CHANGES AND THE DISTRI- 
BUTION OF LIFE IN EAST AFRICA 

By R. E. MOREAU. 

{East African Agricultural Research Station, Amani, Tanganyika Territory.) 

{With one Map in the Text.) 

{MS. originally received June, 1932. Revised copy received Jan., 1933.) 

Introduction. 

No study of the distribution and ecology of living things can be made without 
the question arising how the present state of affairs became established. 
I have been brought to consider this problem in East Africa as an ornithologist 
with no qualification to deal with forms of life other than birds. But it will 
be obvious that any argument developed must be much concerned with 
botanical facts, and that any conclusions reached must be applicable to the 
distribution of animals in general and of plants as welP. It is for this reason 
that the title of the present paper is in wide terms, although the examples I 
shall use are mainly avian^. The fact that they are drawn from the most 
potentially mobile class of living things does not lessen their cogency. Every 
naturalist with field experience would agree that owing to their specialised 
ecology birds such as those that will be cited provide data no less acceptable 
for the present discussion than would a skink or a potto. Thus Chapman (1926) 
out of his immense experience of Andean bird distribution remarks: “There 
may be cases of discontinuous distribution... which are due to accidental dis- 
persion, but, in my opinion, they are too rare to have any bearing on the 
general problem.” 

The distribution of species in East Africa raises several general problems 
for which no explanation can be derived from a study of the present-day 
conditions. 

(i) Chief among them is the similarity of the fauna and flora of the 
mountains, a similarity that extends to all the peaks of Tropical Africa, the 
characteristic montane forms being wholly absent from the hundreds of miles 
of intervening country (cf. Bannerman (1930), pp. xLxlii). Most of the birds 

^ I wish at the outset to express my indebtedness to Mr P. J. Greenway, Botanist at the 
East African Agricultural Research Station, for help in his special subject; to Mr T. W. Kirk- 
patrick, also of the Research Station, for valuable criticism; and to Mr C. Gillman, Chief Engineer 
of the Tanganyika Railways, for guidance in geological matters. 

* For distribution in Africa generally from Sclater (1930), whose work provides a conspectus 
of the African Aves particularly apt for this purpose and not, so far as 1 am aware, paralleled in 
the literature of other classes of animals. Some of the East African data are drawn from i>ersonal 
observations, publication of which hfiis been begun (Sclater and Moreau, Ibis, 1932, pp. 487-522, 
being the first of five parts). 
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concerned are closely associated with the montane forests, which are tall, 
closed, mainly evergreen communities. Indeed, as will be described later, the 
present physical condition of East Africa is such that, unlike West Africa, 
there is practically no forest of this type anywhere except on the mountains, 
and therefore a “forest species” nearly always connotes a montane habitat. 
Of this class Heterotrogon vittatum (Shelley), Turdus oUvaceus Shelley, Chloro- 
phoneus nigrifrons Rchw., Onychognathus walleri (Shelley), Cryptospiza salva- 
dorii Rchw. may be quoted among many others, as being represented in one 
form or another, in practically every forest on the accompanying map^ (Fig. 1). 
Typical examples of widespread but discontinuous distribution are afforded 
by Seicercus ruficapilla (Sundev.) from Nyasaland and the Usambaras, and 
Cercococcyz montanus Chapin, known only from Ruwenzori, Usambara and 
Uluguru. Some of the forest species in question live in the canopy, e.g. 
Heterotrogon, some in the intermediate strata of vegetation, e.g. Trococercus 
albonotatus Sharpe, and others, e.g. Sheppardia cyornithopsis Sharpe, hardly 
leave the thickly shadowed ground. All are bound by the closest ecological 
ties to the montane forests by a complex of factors which doubtless vary 
from species to species. The subject is a particularly difficult one that awaits 
critical investigation. A preliminary attempt to deal with it is being made 
by the writer in the Usambara Mountains, and the experience gained only 
deepens the impressions received from a study of the recorded distribution 
of the forms concerned that they disappear entirely pari passu with forest, 
and that their movement from one locality to another is only possible when 
a connection of forest exists. At the same time, a belt of forest may act as 
a barrier to the dispersal of non-forest birds. Generally speaking, a forest 
form seems quite incapable of adapting itself to life in any other association, 
even though, in an epoch like the present, when forests are progressively 
diminishing in area, the “economic pressure” on the birds within its limits 
must be strong. The converse is equally true. This is well illustrated in West 
Africa by Bates’ recent study of differentiation (1931): the number of species 
represented both within and without the forest, even in different forms, is 
negligible compared with the long list of those entirely confined to the forest 
and often racially differentiated within its limits. 

A few of the mountain birds are, however, associated not with the forests 
but with the open country above the timber line. Such are N ectarinia johnstoni 
Shelley and Pinarochroa sordida (Riipp.), the first from Nyasaland to Mount 
Kenya, but nowhere below 8000 ft., and the second from Abyssinia to Kili- 
manjaro where the peaks exceed 10,000 ft. 

(ii) Marked affinities with West Africa are found, among vertebrates 
generally, within sight of the Indian Ocean (cf. Carnegie Institution Year Book, 
No. 29, 1929-30, p. 369), and they appear to be at least as strong in the 
Usambaras and Ulugurus as anywhere east of Victoria Nyanza. Among birds, 

* I am indebted to Mr F. J. Nutman for redrawing the map. 
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the genera Neocossyphus and Hyliota, the species Lampribis oUvacea Dubus., 
Anthreptes tephrolaerna (Jard. and Fras*), Illadopsis rufipennis (Sharpe), Btibo 
poensis Fraser and Gypohierax angolensis (Gmel.), may be quoted. Mammalian 
examples are afforded by Crocidura maurisca geata Allen and Lov. and Otomys 
Kempt Dollman (Allen and Loveridge, 1927). Among forest trees Tylostemon 
Kweo Mildb., Englerodendron usambarense Harms, Schefflerodendron usani- 
barense Harms, Anisophyllea laurina R.Br., Crotonogynopsis usambarica Pax, 
are all forms of West African affinity making their appearance on the east 
side of the continent only in Usambara and Uluguru. 

(iii) Connected with the wide but discontinuous ranges of the montane 
birds is the fact that most of the species have become differentiated into a 
number of races. It will suffice to quote as examples Linurgus kiliynensifi 
(Rchw. and Neum.), represented by the typical form on Kilimanjaro and by 
L. k. elgonensis v. Som., L, k. keniensis v. Som., and L. k. rungwensis Bangs 
and Lov., on the mountains that have given their names to the respective 
subspecies, and Apalis r. ruficeps Rchw. from the Usambaras with A. r. altus 
Friedm. from the Ulugurus. There can be little doubt that such races, espe- 
cially those in close geographical proximity, were differentiated in isolation, 
and it becomes of interest to determine for what period of time the isolation 
has been effective. 

(iv) Within the closed forest itself, which imposes approximate homo- 
geneity in certain of the most important environmental factors, the bird fauna 
shows a definite zonation by altitude. This can nowhere be studied so well as 
in the Usambara Mountains, for there alone in the whole of East Africa is a 
practically unbroken series of forest available for observation down to within 
500 ft. of sea-level. Careful examination has made it clear that a whole fauna, 
including representatives of such species as Trococercus albonotatus Sharpe, 
Geokichla gurneyi (Hartl.), Turdus olivaceus Linn., Chlorophoneus nigrifrons 
Rchw\, Turturoena delegorgnei (Del.), Mesopicos griseocephalus (Bodd.), Alethe 
fulliborni Rchw., Alseonax minimus (Heugl.), occupies the forest at 3000 ft. 
and is unknown at 2000 ft.^ This may be called the subtropical fauna. A few 
species, e.g. Apalis thoracica (Shaw and Nodd.) seem to have their lower limit 
at about 4000 ft. and several, comprising a ‘‘temperate” fauna, e.g. Laniarius 
fulliborni (Rchw.), Alethe anomala Shelley, Cinnyris mediocris Shelley, Arize- 
locichla nigriceps (Shelley), Pseudoalcippe abyssinicus (Rupp.), Pholia spp., all 
birds of the same fundamentally homogeneous closed forest, do not descend 
appreciably below 5000 ft. I believe that no comparative study of bird- 
zonation on African mountains has been published, but such information as 
is available about the limits of these species on the various mountain masses 
where they are represented, warrants the belief that their altitudinal relations 
to each other are constant. How these altitude limits exert their influence 

^ It may be noted that owing to the peculiar local conditions 3000 ft. in the East Usambaras 
corresponds climatically to 5000 ft. in some more inlai^d situations. 
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on the organism is uncertain. It is, however, significant that some of the 
subtropical species flourish at sea-level in South Africa. In any case, it is 
clear that within the belt of mountain forests we have to deal with certainly 
two distinct faunae. The upper, ‘‘temperate,” fauna is as widely, and even 
more discontinuously, distributed at the present day than the “subtropical.” 
While the various faunal islands of “subtropical” forest are isolated from each 
other by non-forested areas, the “temperate” faunal islands are separated 
by the further barrier of the subtropical zone on every mountain where the 
“temperate” fauna occurs. 

It is important to observe that the fauna of each zone is almost exclusively 
composed of species different from those of the contiguous zone, not merely 
of different races. In other words, there is no close phylogenetic relation 
between the faunae. It is therefore improbable that one was derived from 
another, even if parallel evolution on each of the isolated mountain masses 
were conceivable. The possibility suggests itself that the subtropical and 
temperate faunae were “laid down,” to use a geological simile, at different 
epochs. 

Until very recently no serious attempt was made to attack these four 
problems. Indeed I do not think the existence of the last one has been fully 
realised. Eeichenow (1900) suggested that the mountains might once have 
formed an archipelago in the sea, all the intervening lowland being covered, 
and that their inhabitants had never succeeded in expanding beyond the 
narrow limits within which they were then confined. This hypothesis was, of 
course, unsupported by any geological evidence, all the facts indicating that 
continental Africa is a land-mass that has not been submerged since very 
remote geological times. Most students have preferred to postulate “climatic 
charges,” which for years were advanced, so far as zoologists are concerned, 
as merely unsupported speculation. I am indebted to Mr Gillmaii for re- 
ferences which show that the German geologists (e.g. Meyer, Dantz, Uhlig, 
Kuntz, Jaeger) gave repeated testimony to the former existence of a pluvial. 
As early as 1900 Meyer published evidence of former more extensive glaciation 
on Kilimanjaro. The Riiwenzori evidence was even more striking: “Die ersten 
unzweifelhaften Beweise fur die alte Vergletscherung...fand ich bei dem 
Abhange von Bihunga, d. h. in einer Hohe von ungefahr 1500 Meter^, wahrend 
gegenwartig die Gletschen nicht tiefer als bis 4200 Meter herabreichen ” 
(Savoyen, 1909, p. 448). For some reason the zoologists seem to have been 
less familiar with the results obtained by these German workers than the 
botanists were. Writing in 1923 Chapin could only observe: “probably there 
were changes of topography and climate in the past which permitted extension 
of the mountain floral zones.” So recently as 1928 Stresemann and Grote, 
seeking to adduce evidence of a former extension of closed forest in Equatorial 

^ Nilsson (1929, p. 266) on subsequent examination put the lower limit of past glaciation at 
2000 instead of 1500 metres. 
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Africa, rely on the evidence of (then) indefinitely established pluvials in Egypt 
and South-west Africa, and quote Lonnberg’s conclusion that it was ‘‘wohl 
wahrscheinlich.dass auch das dazwischenliegende Land etwas ahnliches durch- 
gemacht haben diirfte.” 

At last in 1929 came Lonnberg’s important contribution to the problem, 
in which he was able to rely on Nilsson’s conclusions (1929) from local geo- 
logical evidence, that East Africa had witnessed not merely a single pluvial, 
but a succession of pluvials^. The last two years have seen the publication of 
several papers (Wayland, 1930 and 1931 ; Leakey, 1930 and 1931^) that confirm 
and amplify Nilsson’s conclusions to a point where it appears to me that we 
can now estimate, with some approach to definition, the possible effect of 
the climatic alternations on animal distribution and the relative remoteness 
in time of the important changes. The conclusions reached in this discussion 
must be highly tentative. I cannot emphasise this too strongly, for it is not 
to be supposed that the last word has by any means been said on the geological 
premises themselves. But I feel that this paper will be justified if it helps to 
bring into focus the prehistoric background, hitherto absent or only adum- 
brated, against which any question of distribution must be viewed. 

It is obvious that the key to the whole problem lies in the expansion and 
contraction of closed forest of one type or another. Whether the forest is 
completely evergreen or to some extent semi-deciduous does not seem to be 
important so long as it is a tall closed association that does not lose a con- 
siderable proportion of its leaves at any particular season®. It is proposed, 
then, to describe briefly the present conditions in East Africa; to give an 
indication of the limits of rainfall and temperature for the existing forest 
types; and so to obtain some idea of the climatic conditions that would be 
needed to bring the isolated forests of the present day into connection. The 
geological evidence for climatic fluctuations will then be summarised, and an 
attempt made to interpret the maxima and minima in terms of forest ex- 
tension. 


Present conditions. 

But little of the interior of East Africa lies appreciably below the altitude 
of 4000 ft. and except for the Nile basin its present aspect is primarily that 
of an arid savannah tending in the north-east towards desert. It is, however, 
narrowly edged on the coast with a more humid zone, and at comparatively 

^ I wish to express my thanks to Dr Lonnbcrg for his kindness in supplying me with separates 
of liis own and Nilsson’s papers. 

“ I have not had an opportunity of perusing Dr Leakey’s paper given before the British 
Association in 1930; but I have to thank Dr C. E. P. Brooks for an extract from it, and also 
for aid in interpreting the results recorded. 

* Many of the most characteristic forest species, such as Chlorophoneus nigrifrons Rchw., 
Cryptospiza mlvadori Rchw., Aletke poUocephala hihiyutiisis Jacks., are recorded from Nairobi, 
where the forests are, according to Troup, semi-deciduous. 
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wide intervals it bears upon its surface patches of closed forest, of many 
different types, but almost without exception confined to the highest ground. 

The accompanying map is compiled, so far as the Kenya and Uganda 
Forests are concerned, from Troup’s two reports (1922), and for Tanganyika 
from Meyer (1909) and local knowledge. The rainfall data are derived from 
Knox (1911)^, Kendrew (1927), Sayers (1930), and Plate XXII of the Meteoro- 
logical Maps of the Atlas of Egypt (1928), which supplement each other and 
differ in details. The small scale unfortunately makes it impossible to show 
more than two contours, the 3000 ft. and 6000 ft., and two isohyets, for 30 in. 
and 40 in. rainfalls. 

It will be seen that over practically the whole of Central Tanganyika 
Territory and the greater part of Kenya Colony the rainfall is under 30 in. 
a year. The Kenya Highlands themselves are cleft by a wedge of arid country, 
for the rainfall in the Rift Valley as a whole does not exceed that figure. In 
the catchment of Lake Nakuru, which will be frequently referred to later in 
this paper, it reaches 37*5 in., as calculated from the averages over a number 
of years given in the Summary of Rainfall in Kenya Colony^ 1930 (B.E.A. 
Meteorological Service), for five local stations. The ill-effects of this generally 
scanty rainfall in the interior are aggravated by its bad distribution. Practi- 
cally the whole of it falls in two short seasons of the year, which tend, as one 
travels south from the Equator, to merge into one. The effect on the vegetation 
is to make it impossible for any to exist that is not deciduous or xerophytic : 
and the overwhelmingly greater part of the East African interior is therefore 
occupied by grass-, thorn-, or bush-steppe, and more or less open Miombo 
{Berlinia-Brachystegia) woodland. During the dry season fires rage over this 
type of country, and what with the leafless condition of the trees and the 
scantiness of the ground cover, diurnal animals can only exist if they are at 
home in the full glare of the tropical sun. 

Within the Nile basin the precipitation is nowhere less than 40 in., generally 
well-distributed under the influence of the extensive lakes and swamps: and 
much of the Uganda Protectorate receives nearly 60 in. 

The coastal belt is also somewhat more favoured than the interior, with 
a rainfall exceeding 40 in. and rising opposite Pemba Island to 60 in. On the 
whole, moreover, it is in this belt better distributed than inland, and the 
prevailing winds are less desiccating than those of the interior. These con- 
ditions support along the coast a more or less deciduous bush with patches, 
totalling perhaps 20 square miles in Kenya Colony, of closed though not tall 
forest^. Where the eastern edge of the interior plateau faces the Indian Ocean, 

^ His PI. I inevitably suffers from its scale. The 70-80 in. rainfall islands of the Usambaras, 
Ngurus and Ulugurus cannot be shown. 

* Troup (1922, p. 5) gives the Arabuko “Forest Area” as 132 square miles, but much of this 
is Brachyategia woodland (Mr R. M. Graham in litU) and Hutchins (1909) in his map appends 
a note to what he calls the “Arabuko and Sekoki Forest”; “Estimated actual Forest 12 square 
miles.” 
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and rises into mountains, such as the Usambaras and the Ulugurus, a rainfall 
of about 80 in. is precipitated^, which appears to exceed anything definitely 
recorded elsewhere in East Africa except at the head of Lake Nyasa. The 
result is a magnificent forest formation at a comparatively low altitude. 
Apart from this, however, there is very little closed forest anywhere in East 
Africa below 3000 ft. and indeed by far the greater part is over 5000 ft. 
A large proportion of all the forest is confined to the lines of scarps looking 
towards the Indian Ocean. Their westward-dipping hinterlands lie in a rain- 
shadow where it is impossible for luxuriant vegetation to maintain itself under 
existing climatic conditions. 

There is no doubt that the discontinuity of the forests so conspicuous on 
the map has been much exaggerated in recent historical times by human 
agency^. The agricultural development of the Uganda Protectorate has been 
at the expense of forest^. The Wa-kikuyu have wrought great destruction 
between Mount Kenya and the Aberdares. Europeans have swept away much 
forest west of Nairobi. The Wa-chagga have cleared the lower slopes of 
Kilimanjaro. The Pare Mountains have been almost completely deforested. 
The Wa-Bondei have cleared the eastern foothills of the Usambaras. The 
annual burnings by the Masai have continually eaten into the forest on the 
peaks along the southern end of the Rift Valley. The people on the coast 
have replaced the natural vegetation with cultivation. 

All such operations as these have been so recent as to have no place at 
all on the evolutionary scale of time : we can be sure that at no earlier epoch 
was human agency so important. For the purposes of this enquiry the natural 
forest limits under present climatic conditions are correctly indicated only if 
we regard the map as modified to show: 

(a) An appreciable amount of forest along the coast-line. 

(b) A connection from Kilimanjaro to this strip, via the Pares and Usam- 
baras, with no interruptions of greater width than 20 miles. 

(c) A block covering most of the area Nairobi-Mt. Kenya-Aberdares. 

(d) A more united forest west of the Rift Valley. 

(e) Much more extensive forest between Ruwenzori and Victoria Nyanza. 

The geological evidence. 

Nilsson’s conclusions were arrived at from a study of past glaciations on 
Mounts Kenya, Kilimanjaro and Elgon, and on the raised beaches of the Rift 
Valley lakes, Nakuru, Elmentaita and Naivasha. He found (op, cit, p. 255) 
that on Mount Kenya there were terminal moraines at about 4500 ft. (“ huge ”), 

^ The average at Amani, on the seaward side of the East Usambaras, is 77 in. 

2 Some idea of the forest destruction in Kenya in recent times may be obtained by comparing 
Troup’s map (1922) with Hutchins’ (1909) and Johnston’s (1902, PI. VII). 

* Cf. Johnston, op, cit, p. 66: “Except in the northern parts of Busoga the country is still 
thickly forested, and it was at one time one vast tropical forest like portions of Uganda [the 
original Kingdom, not the Protectorate], Toro and Unyoro.” 
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3700 ft. (“two rather large and several smaller”) and 3500 ft. (“small”) below 
the existing glaciers. Between the arrangement of these glacial maxima 
and that of the maxima of Lake Nakuru a striking correspondence will be 
found. 

Wayland’s work is based on a variety of Uganda data^. He has come to 
the conclusion that East Africa witnessed two major plu vials, probably corre- 
sponding with the Giinz-Mindel and the Riss-Wlirm Glacials of Europe, and 
a third wet phase, not of a magnitude justifying the appellation “pluvial,” 
which may have corresponded to the Biihl Stadium. It will be observed that 
the agreement between these conclusions and those derivable from Nilsson’s 
data is close. Wayland is satisfied that climatic changes, not land oscillation, 
were responsible for the phenomena from which the occurrence of the two 
pluvials has been inferred (1930, p. 472), and that the climatic changes were 
not merely local. It appears, indeed, that these two pluvials in East Africa 
were only the local manifestations of far more extensive climatic changes. 
After referring to the evidence that is to be found on every continent Coleman 
(1932) concludes that “There can be no doubt that at least two refrigerations 
in the Pleistocene affected the whole world contemporaneously.” 

Leakey has re-examined the Rift Valley lake-basins, Nakuru and Naivasha. 
He lias been led to conclusions more detailed in some respects than those of 
the other workers, and they will be considered at length. Although Leakey’s 
findings may not command universal acceptance in detail it is satisfactory to 
find that the sequence of the major events summarised below is in close 
agreement with that of the other authorities. The lake-levels all relate to 
Nakuru. The Naivasha evidence is not dealt with here as the hydrography 
of that basin is known to have been complicated by river capture. The dates, 
derived except for (vii) from Brooks (1922, p. 48, and in are, of course, 
only to be taken as very general indications of relative remoteness. They are 
based on the contemporaneity, only assumed but of strong inherent proba- 
bility and generally acc^epted, between the East African wet and the European 
cold maxima. Phrases in inverted commas are Leakey's. 

(i) A long and severe wet period (Kamasian) coming to a close nearly 

400.000 years ago. 

(ii) A dry period accompanied by tectonic action'*^. 

(iii) A pluvial (Gamblian) during which the lake rose to 775 ft., declined 
to 250 and rose again to 510, finally coming to an end somewhere about 

20.000 B.c. 

(iv) A period during which the lake dried up completely. “The evidence 

^ I have to thank him for separates and for a number of references. 

® Since elaborated in AppcMidix B to Leakey's Stone Age Cultures of Kenya Colony (1931). 

® Regarding this stage we know practically nothing, not even whether it was cold and dry 
or hot and dry: but as it will appear from subsequent discussion that its effects must have been 
largely overlaid by the subsequent pluvial, its importance for our present purpose is minimised. 
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for complete desiccation... is very strong... deposits of aeolian sand were 
formed.” 

(v) A wet phase (Makalian) marked by a rise to 375 ft. probably between 
10,000 and 20,000 b.c. 

(vi) A second complete disappearance of the lake. “We have further 
aeolian deposits at this period.” 

(vii) A minor wet phase (Nakuran) marked by a rise to 145 ft., the date 
of the climax being “estimated at 850 B.c.” 

(viii) At the present time Lake Nakuru is diminishing rapidly. In 1929 
it nowhere exceeded 9 ft. 2 in. in depth, being 5 ft. 6 in. lower than when it 
was surveyed in 1906. Further, it may be calculated from the plan Leakey 
gives, that concurrently with this loss of depth the lake has shrunk from an 
area of about 21 square miles to 15*6 in the 23 years. (The former area is 
that delineated on the existing 1:250,000 map of the region, viz. G.S. 1764 
Africa, Sheet South A-37/A dated March, 1918.) To some extent this reduc- 
tion in the lake may be due to an accidental succession of dry years : but in 
view of the evidence for the retreat of the surviving glaciers on the peaks^ it 
cannot be doubted that the shrinkage in the lake is due in part to a secular change . 

The question arises of the extent to which the use of these lake-levels as 
criteria of pluvial intensity may be invalidated by tectonic movements. It is 
a fact that over a large part of the earth’s surface the great differential crust 
movements, which had been set going in the early Tertiary, continued vigo- 
rously into the Pleistocene. East Africa in particular was the scene of tectonic 
activity on an immense scale. Three great shatter-belts manifested themselves, 
the effects of which are apparent to-day as three lines of eastward-looking 
scarps: (a) Usambara, Nguru, Uzungwa, with the secondary outlier Uluguru- 
Upogoro (Mahenge); (6) Aberdares, Mau, Mbulu, Hanang; (c) Ruwenzori, 
Kivu, Rungwe, West Nyasa. Under existing climatic conditions it is precisely 
on these scarps that evergreen forest maintains itself. Leakey expresses himself 
as satisfied that this tectonic activity was not responsible for the elevation of 
the Nakuru beaches for which he gives measurements, and that it may be 
considered as having practically come to an end before stage (iii). After 
stage (ii) the catchment area of Nakuru appears to have been uniform, and 
he believes that the physiography of the basin was not disturbed to any 
significant extent. It is to be noted, however, that stage (iii) is the period 
when Wayland concludes (1931, p. 44) that the hydrography of Uganda re- 
ceived its present shape. Prirna facie this tends to invalidate the stage (iii) 
lake-levels as a criterion of the contemporary climate. But their status for 
this purpose is restored by the remarkable correspondence they exhibit with 
the second complex of Mount Kenya moraines. On the whole it is considered 

^ Cf. Savoyen (1909, p. 449): “Im iibrigen befinden eich samtliohe Gletschen dos Ruwenzori 
gegenwartig in starken Riickgang.” And for Gregory’s Glacier on Mount Kenya see NilBson 
(1929, p. 266). 
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that we may accept Nakuru stages (iii) to (viii) with some confidence as 
indices of the climate prevailing over East Africa^. 

As regards the glacial evidence, it is, of course, a fact that the terminal 
moraine is formed at the point where the wastage of ice exceeds the supply. 
In other words it is determined partly by the temperature of the environment 
of the glacier and partly by the snowfall on the feeder slopes above. Therefore 
the altitude of a terminal moraine cannot be taken as a measure of either the 
precipitation or the temperature, only as an integrator of both. But these 
two climatic factors are precisely those that in combination determine forest 
growth. So that, above a minimum temperature, the extent of the glaciation 
is, very broadly, an indication of the extent of co-existing forest growth. 

Forests and climate. 

As a basis for arriving at the climatic requirements of closed forest, which 
vary with the altitude, the existing forest types and their limits may briefiy 
be described. Most of the information regarding the Kenya and Uganda 
forests is derived from Troup (1922). I am indebted to Mr R. M. Graham, of 
the Kenya Forest Department for particulars of the coastal forests. 

These are arranged in descending order of rainfall requirements. 

(а) Magnificent evergreen forest comprising a great variety of species and 
very rich in endemics and West African affinities. Found only on the Usam- 
baras, Ngurus and Ulugurus^ with a well-distributed rainfall of at least 70 in. 
and a climate that is neither tropical nor subject to frosts. These conditions 
are found in so narrow a belt on the east side only of the mountains, that the 
total area of this type of forest cannot exceed 300 square miles, in three blocks 
80 miles apart. 

(б) Tall semi-deciduous forest characterised by Sterculia appendiculata 
K. Schum., Albizzia sasm Macbride, Trerna gumeensis Ficalho and Chloro- 
phora excelsa Benth. and Hk.f. It apparently requires between 50 and 60 in. 
of rain in an almost fully tropical climate and is at the present day practically 
restricted to vestiges on the Shimba Hills near Mombasa and on the eastern 
foothills of the same mountains as type (a) forest, into which association it 
merges at an altitude between 2000 ft. and 3000 ft. 

(c) ‘‘Temperate Rainforest'" of Troup, a tall evergreen community in 
which the dominants are Ocotea usambarensis Engl. (‘‘Camphor”) or Podo- 
carpus spp. or both. “The minimum rainfall... is probably about 55 in. to 
60 in.” (Troup), and the climate temperate. Much of the Mount Kenya, 
Aberdares, Kilimanjaro and Usambara series forest is of this type. It still 

' Mr A. Walter, Director of the British East Africa Meteorological Service, has pointed out 
to me that as the area has l>een one of volcanic activity the possibility of an acce-ssion of water 
from plutonic sources into the lake at some date or other cannot l)e entirf^Iy excluded. 

* These three mountains will constantly be bracketed together in the following pages and for 
convenience I shall refer to them as the “ Usambara series.” 
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clings to Mounts Ufiume and Hanang, south-west of Kilimanjaro (Phillips, 
1929, p. 363), and it furnishes the bulk of the evergreen forests of the highlands 
in the south-west corner of Tanganyika Territory. The lower limit in Kenya 
is now 7000 ft., but it descends to 5000 ft. elsewhere. 

{d) Semi-deciduous coastal forests {Brachylaena Hutchinsii Hutch., Afzelia 
quanzensis Welw. and many other species) occur in patches close to sea-level 
with a fairly well-distributed rainfall of about 50 in. The Sokoke-Arabuko is 
the only considerable area. 

(e) The Uganda evergreen forests are various, but it appears that some 
of the most, generally important trees are Entandrophragrna sp., Maesopsis 
eminii Engl., Podocarpus ppp., Chrysophyllmn spp. Troup gives no indication 
of the rainfall, but from the isohyets given in the Meteorological maps of the 
Atlas of Egypt it appears that these forests subsist on about 60 in. at a general 
altitude not appreciably above 4000 ft. 

(/) “Plateau Forests’’ of Troup (partly deciduous) found chiefly in the 
neighbourhood of Nairobi between 5000 and 6500 ft. Some typical trees are 
Brachylaena Hutchinsii Hutch., Croton ynegalocarpus Hutch., Olea chrysophylla 
Lam. Rainfall 40 in., climate equable and similar in temperature to that of 
type (a). 

(g) “Cedar Forest” {Juniperus procera Hochst.) occupies a good deal of 
the Kenya Highlands. According to Troup its “true home is at an elevation 
of 7000-9000 ft. (i.e. well above the frost line) with a rainfall of 40-55 in. 
In the West Usambaras it is fully developed at 6000 ft., where it exists with 
a rainfall of under 40 in., not well distributed but supplemented by much mist. 

It will be noticed that between the upper limit of type (6), Tall Semi- 
Deciduous Forest, at about 2500 ft., and the lower limit of types (c) and (/), 
the Temperate and Plateau Forests, which under natural conditions seems 
to be about 4500 ft., there is no forest in existence except that of type (a), 
which gets 70 in. of rain. There is no doubt that this is what may be described 
as an accidental result of the local physiography, for at the present time there 
is no part of the eastern half of our region between 2500 ft. and 4500 ft. that 
receives more than about 35 in, of rain except where the Usambara series of 
scarps face the ocean and precipitate no less than 70 in. But Mr Greenway 
informs me that if 50 in. fell anywhere between 2500 ft. and 4500 ft. the 
result would probably be a forest much resembling type (6). 

From the foregoing it appears that under existing temperature conditions 
we can expect closed forest to cover any country above 5000 ft. that receives 
40 in. of rain, and below that level 50 in.^, provided that it is well distributed 

1 For the present purpose soil factors are ignored, especially as the majority of the East 
African soils are evidently capable of supporting closed forest. One apparent exception is “Black 
Cotton Soil” (Nicholson, op. cit. p. 21). There the inability to support forest is probably to be 
regarded as the result of faulty drainage, for this type of soil is developed in situations that are 
waterlogged during part of the year. 
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and probably augmented to some extent by occult precipitation. As regards 
the estimation of the last element, Nicholson (op. cit. p. 16) quotes Phillips 
to the effect that it may amount to as much as 25 per cent, of the precipitation 
measured in the rain-gauge. 

The importance of a proper distribution can hardly be overestimated. 
Chapin (1923, p. Ill) remarks that in parts of the Upper Congo (which are 
below 3000 ft.) with a rainfall of 65 in. ‘'a superb unbroken forest persists 
because there is seldom a month without rains,” whereas in parts of Sierra 
Leone “where there is a dry season of four months, a total annual rainfall of 
170 in. does not suffice for a continuous forest growth.” As regards the degree 
of distribution necessary, it appears from Chipp (1927) that in the Gold Coast 
forest of a good type maintains itself within a thousand feet of sea-level w ith 
a rainfall of no more than 50 in. falling on 75 days, divided between every 
month in the year, and associated with a steady high relative humidity 
(over 80). 

Now the total rainfall in a region of mountains or within the influence of 
a large body of water - -and such is the greater part of East Africa — consists 
primarily of two elements, monsoon rainfall (“the Rains”) and “instability 
rains.” The latter reduce the desiccating effects of the periods between the 
Rains proper and are the element in the total rainfall that gives the effect 
of better distribution. Nicholson (op. cit.) has demonstrated the important 
effects of montane forest in inducing instability rainfall. We may take it then 
that when isolated forests begin to spread, under a favourable general change 
of climate, from the mountain-tops to which they have been reduced in a 
dry period, the distribution of the rainfall undergoes local improvement and 
the process of reafforestation tends to be accelerated by the beneficial influence 
they themselves have upon the local climate. In fact, even if a favourable 
change of climate does not of its own nature involve a better distribution of 
rainfall, its secondary effects do so. Further, as the areas of forest and the 
rainfall increase, there is a tendency for the temperature to fall, thus reducing 
evaporation. Therefore once a forest sheet had been established it should be 
able to maintain itself after the full extent of the beneficial secular change of 
climate originally responsible for the forest extension had begun to wane. 
Moreover, any general drop in temperature would have the effect of bringing 
to a lower level the montane forest associations, which have smaller rainfall 
requirements than the lowland types. 

As may be seen from the map, much of the country in the interior of 
East Africa receives under 30 in. of rain; but none of it is appreciably below 
4000 ft. in altitude. Therefore, a general increase of between 15 and 20 in. 
in the rainfall should suffice to cover it in time with forest. Much of the 
coastal strip already receives enough rain to support forest if human inter- 
vention is eliminated, and the same applies to the country north of Victoria 
Nyanza. Inland from the coastal strip until the highland area is reached the 
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rainfall in Tanganyika — e.g. between the Usambaras and the Ulugurus — is at 
present about 15 in. below the 50 in. required, as we have seen, to produce 
forest at such low altitudes, while in Kenya (‘‘Taru Desert” and northwards) 
there is a deficiency of quite 25 in. 

On the whole we may conclude that with a general increase of 15-20 in. 
in the rainfall throughout East Africa all the existing forest islands would be 
in communication with each other and with the Congo- West African forest. 
Under such conditions the low-level eastern part of Kenya would however 
probably still be clothed with no association more dense than Savannah. 
A slight general increase would of course have much more effect on forest 
distribution in some districts than in others. One of its first effects would be 
to connect the forests on both sides of the Rift Valley and to strengthen the 
connection across Uganda. In the next stage the Kilimanjaro-Usambara 
system would be brought into communication with the Kenya Highlands. 
But the junction of the northern and the southern mountain systems of 
Tanganyika Territory with the Ulugurus, and ultimately with each other, 
would hardly be effective until later still because of the low altitude of the 
country surrounding the Ulugurus. 

The plu vials. 

It is realised at the outset that any attempt to calculate rainfall in terms 
of inches from the fluctuations in the lake-levels breaks down. There are too 
many unknowns : for example we do not know the proportion of the total 
precipitation that gets into the lake or the relation that the evaporation bears 
to the volume of water in the lake ; and both are constantly varying with the 
distribution of the rainfall, the vegetation of the catchment area, and the 
average depth of the lake. But nevertheless it is possible to draw certain 
conclusions for our purpose. 


The KaTnasian. 

During this period the lower limit of the glaciers was on all the great peaks 
at least 4000 ft. lower than it is now. Moreover, as Nilsson deduces from the 
fact that the glaciers descended equally on all sides of the mountains, the 
precipitation must have been better distributed than at the present time. 
In sum, the general climate then was vastly more favourable to forest growth. 
If we accredit half of the 4000 ft. glacial advance to increased precipitation and 
half to lowered temperature we arrive at the conclusion that the climate must 
have been some 8° F. cooler (using the world-wide average factor of 3-4° F. 
per 1000 ft. altitude quoted by Willis (1922, p. 44)). In other words all the 
vegetation zones in East Africa were lowered 2000 ft. by the temperature 
factor alone, and montane forest capable of subsisting on 40 in. of rain could 
maintain itself down to within 3000 ft. of sea-level But at the same time 
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precipitation was much greater and better distributed than now. The im- 
pression is irresistible that at this epoch the whole of East Africa was covered 
with a sea of forest in full connection with the West African. 

So far as temperature was concerned the whole of the interior plateau of 
Tropical Africa must have been ‘‘temperate,” in enjoyment of a climate no 
more exacting than that now prevalent at 5000 ft. in forested districts. These 
conditions are held to have continued for what was, even on the geological 
scale, a long period. The probabilities are surely strong that what in the 
Introduction I have called the “Temperate” fauna of the peaks to-day is 
representative of that dominant throughout Tropical Africa during the 
Kamasian. 

The only islands in this sea of forest would have been those spots where 
the soil was unsuitable and those above the timber-line. With the lowered 
general kmiperature this line would have fallen correspondingly, by 2000 ft. 
or more, so that all the country above 7000 or 8000 ft. was bare of forest. 
Under these conditions most of the islands of Alpine vegetation would still 
have been separated, although some of them, e.g. on the Man, the Aberdares 
and Mount Kenya, would have been in sight of each other. 

The Gamblian. 

With its glacial extension only 1000 ft. less in altitude than the Kamasian 
and still 3000 ft. l)elow the present, the climate of the Gamblian was evidently 
almost as highly favourable to forest growth as the Kamasian. Doubtless 
the glacial extension was due in part to increased precipitation and in part 
to lowered temperature. The latter factor by itself would have made it possible 
for montane forest requiring only 40 in. of rainfall to grow down to 3500 ft. 
If the concurrent increased precipitation amounted to no more than 15 or 20 in. 
above the present it would have sufficed, as we have seen, to link all the 
present forest islands. The existence of a Lake Nakuru that w as 65 times as 
deep as the present and held several hundred times as much w^ater derived 
from much the same catchment, seems to assure us of this. It is not possible 
to base any arguments on the actual level attained by the lake because it is 
not clear whether it was in connection at its maximum with Lake Naivasha, 
and so provided with an outlet. On the wffiole, the Gamblian, too, is acceptable 
as an epoch of continuous forest: and the probability is that to this epoch the 
“subtropical” fauna of the mountains owes its dispersion. 

The MaJcalian. 

The Makalian is much more difficult to evaluate. It has been compara- 
tively easy to come to the conclusion that both the Kamasian and the Gamblian 
pluvials were of first importance in contributing to the present distribu- 
tion of living things in Africa. We shall find equally good reason for deciding 
that the last wet phase, the Nakuran, was of trifling significance. But the 
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Makalian falls between the Gamblian and the Nakuran, in intensity as well 
as in time. 

The most superficial comparison would seem to indicate that in degree of 
favourability to forest growth the Makalian was nearer to the Nakuran phase 
than to the Gamblian. For the Makalian lake-maximum was 375 ft., com- 
pared with 145 in the Nakuran and 775 in the Gamblian, while the glacial 
extension was only a few hundred feet (350 ft. on Mt Kenya) below the 
present, against 3()0() ft. below in the Gamblian. In other words, granted 
that there was an increased precipitation, the temperature could not have 
been appreciably lower than now, and any extension of forest growth depended 
on the precipitation factor alone. 

Any attempt to estimate the Makalian rainfall must be based on the 
maximum attained by Lake Nakuru. A rise to 375 ft. looks imposing, but it 
cannot be accepted without analysis as evidence of a climate more favourable 
to forest growth to a significant degree. Unfortunately analysis involves large 
assumptions and the calculations can only be speculative. 

We have three relevant facts of importance: 

(а) With its surface 375 ft. higher than to-day it was in connection with Lake Elnienteita. 

(б) The area of the combined lake was slightly over 200 scpiare miles witli a catcdirnent of 
some 545, compared with an area of 15| in a catchment of 420 in 1929’, i.o. 13 times as great, 
with a catchment 30 per cent, greater, 

(r) The present Nakuru catchment rainfall is 37-5 in., so that the general addition of 15-20 in. 
that we have decided would be required for continuous forest growth, would bring the Nakuru 
figure to about 54 in. ( — 4J ft.). 

We do not know : 

{d) The loss by evaporation (m inches per annum) referred to subsequently as E. 

(e) The “run-off,” i.e. proportion of total precipitation reaching the lake. This will be called P. 
In any attempt to work out the volume of water entering the lake it must be remembered that 
the wastage that is the complement of P does not occur with the rain that falls on the lake surface 
itself. In dealing with Nakuru tliis is a most important reservation, because at its Makalian 
maximum it occupied more than a third of the catchment-*. 

Now probably the only figures we have of value for E and P in the case of an Equatorial lake 
are those arrived at by Hurst (1925) for Victoria Nyanza, viz. 1310 ram. ( =52 in.) and 10 per cent, 
respectively. We do not know how the run-off conditions of Nakuru and Victoria differ, but 
applying the 10 per cent, to Nakuru as a trial we can calculate that on the existing rainfall and 

^ These figures are worked out from the plan of the lake in Leakey’s paper {op. cil.) and from 
G.S. map No. 1764, Africa 1:250,000 sheet South A-37/A dated March 1918. 

^ Leakey (1931, p. 505) notes that “during the excessively wet period from November 1928 
to May 1929, when the Nakuru district got nearly treble its normal rainfall, the lake level rose 
only 24 in.” Such definite figures aroused the hope that they might be utilised in this enquiry, 
but in seeking to ascertain what the “normal rainfall” for the months cited might be, I failed 
to find the “excessively wot period ” reflected in the records at my disposal at Amani. I therefore 
applied to Mr A. Walter, Director of the British East African Meteorological Service, who has 
kindly furnished me with the figures actually recorded for each of the 7 months in question at 
five stations in the Nakuru catchment. They are all below the average, not 200 per cent, above. 
In any case, a« Mr Walter points out, a lag, perhaps very considerable, is to be anticipated be- 
tween abnormal downpour and lake-rise. This lag is not of course significant when we are dealing 
with a secular change. 
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lake-area E would be 130 in. a year or over 0-3 in. a day. This is about 0-1 in. less than the average 
rate of evaporation at Aswan^, where the saturation deficit is certainly much greater than it is 
at Nakuru. This indi(;ates that 130 in. is not too low a figure for E at Nakuru under existing 
conditions, but is on the contrary probably rather high. A' — 100 in. might be nearer the truth 
and it can be calculated that this would connote P — per cent. But under the conditions of 
the Makalian maximum the present difference between Nakuru and Victoria in the matter of 
loss by evaporation could hardly persist. For, broadly, a higher rainfall is associated with a 
higher relative humidity, and Nakuru being at a higher altitude than Victoria, the mean tem- 
perature would be lower. Both these factors would tend to lower the saturation deficit of the 
Nakuru district relatively to Victoria. At the Makalian maximum, then, E for Nakuru would, 
by inference, have been less than the present 100 in., and may well have been as low as for 
Victoria now (52 in.). With the increasing size of the lake the exact value of P becomes less 
important for our calculation, since ultimately the rain that fell on the 200 square miles of lake- 
surface provided seven-eighths of all that reached the lake. If we work out the rainfall that 
would have been necessary to maintain the Makalian lake at its maximum (a) with £' --100 in. 
and {b) with E =52 in., we get for (a) 85 in. and (b) 44 in. But a saturation-deficit so high as to 
cause a loss of 100 in. by evaporation could hardly exist with a rainfall of 85 in., so that the 
truth must lie nearer the 44 in. rainfall. 

We may attack the problem from another side. Given a rainfall of 54 in., which is, we have 
decided, about the minimum conducive to a general afforestation, what value does that connote 
for £? For our purpose the level at any stage may be taken as constant: for although it was 
actually rising, several t housand years are available for the total rise of 375 ft. and the average 
annual change would have la'cn only an inch or two. With the same* rainfall E varies with the 
size of the lake. Thus with a 55 in. rainfall and the lake-area approximately 50, 100 and 2(K) 
square miles, we get evaporation figures of 80 in., 70 in. and 00 in. respectively. But it is obvious 
that with a rainfall of 55 in., actually higher than that of the Victoria Nyanza basin now, and a 
saturation deficit that should certainly have been no higher, the loss by evaporation ought to 
1)0 less, not more. On these grounds th(^refore it seems improbable that the liift Valley rainfall 
during the Makalian reached 55 in., though it may have been 12 in. or so above the present. 

Speculative as all these arguments admittedly are, they point in tlie same 
direction. They all give us cause to doubt whether the Makalian rainfall was 
sufliciently greater than the present to permit of general forest growth. Some 
of the forest islands would have been linked, all those in the Kenya Highlands 
with each other and probably with Ruwenzori and the Kilimanjaro- IJsambara 
Chain: but with temperatures much as they are to-day, the montane forms, 
'Csubtropicar’ as well as “temperate,’’ would have remained restricted to 
their mountains. 


The Nahiran wet phase. 

A lake 145 ft. deeper than Nakuru to-day bulks large, and seems to demand 
a considerably increased rainfall. But between the end of the Makalian wet 
phase and the maximum of the Nakuran at least 10,000 years elapsed, so that 
4000 may reasonably be allocated for the lake to fill up for this last wet phase. 
The average rate of rise would then have been about \ in. a year, instead of 
the present drop of 2^ in. From the contours it appears that the lake at the 
Nakuran maximum would only have had about twice its 1906 area of 20 sq. 

^ Quoted by Kirkpatrick (The. Mosquitoes of Eg ypU Cairo, 1925) from Clinuitological Normals 
for Egypt and the Sudan et<^. issued by the Physical Department, Ministry of Public Works, Egypt, 
1922. 
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miles. How much more rain than the present annual fall would suffice to 
turn a deficit of 2^ in. into a gain of J in. for a lake of 40 sq. miles? The 
answer, using the figure of 6-6 per cent, for P that we reached in the preceding 
section, is barely 2 in. Doubtless the lake varied in its rate of rise and often 
gained more than \ in. in a year. But the more rapid the gain the shorter 
the period during which the high rate of gain can have continued. In any 
case, it can be calculated that even a 6 in. rise in the lake could have been 
accomplished on a rainfall 5^ in. above the present. The inference is that the 
Nakuran wet phase had no important influence in extending forest growth. 

The dry periods. 

The first, post-Kamasian, dry period is quite incalculable in extent, but 
the next two dry periods are susceptible of some examination. At first sight 
the establishment of two epochs when Lake Nakuru dried up^ would seem to 
indicate periods of drought severe enough to exercise a catastrophic effect 
on forest growth throughout East Africa. A recent reviewer of Leakey’s 
The Stone Age Cultures of Kenya Colony {Nature, No. 3242, p. 1021), who 
refers to the “intensely desertic conditions” of the post-Gamblian inter- 
pluvial, would doubtless accept this view. Important considerations exist, 
however, to modify our conception of the severity of the inter-pluvials’ effect 
on the forests. 

(а) Although Lake Nakuru still bulks large upon the map it is, compared 
with its former size and depth, a mere vestige, still diminishing. During the 
last, and least, of the wet periods we have been considering it was over 150 ft. 
deep against 9 ft. 2 in. in 1929. In fact in the 23 years following 190(5 it lost 
5 ft. 6 in. As has been pointed out above, the deficiency in rainfall is due, in 
part at least, to a secular deterioration in climate. If it continues, even without 
intensification and with the maintenance of the existing rainfall of 37 in. a 
year in the catchment, Lake Nakuru will have dried up completely before 
the end of the present century. 

(б) The deposits of blown alluvium in the bed of the lakes following the 
Gamblian and Makalian wet periods do not of necessity imply a climate much 
drier than the present one 2. I am informed by eye-witnesses that in the 
section of the Rift Valley concerned there is already a considerable transport 
of soil by wind, to such an extent indeed that on one local sisal estate the soil 
has been compacted with heavy rollers to reduce the loss by wind -erosion. 

^ Leakey {op. cit. p. 501) refers to “complete desiccation” but it is not clear whether it has 
been established that the desiccation extended to the area covered by the present lake, which 
must presumably always have been the deepest part of the basin. 

* Dr K. S. Sandford has pointed out* to me that dust blows readily from any exposed alluvium. 
It forms banks of “oeolian material,” which when old looks like loess and may oome to be called 
by that name. He has recalled particularly the example of the mudbanks temporarily exposed 
at low Nile. The dust clouds they gave rise to as soon as the water had left them were a familiar 
phenomenon to us both. Thus a seasonal exposure for a few weeks every year may be capable of 
ultimately producing a loess -like formation in the neighbourhood. 
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(c) In the Introduction attention was drawn to the fact that the Usambara 
series are distinguished among East African mountains by the strength of 
their West African affinities, both zoological and botanical. Moreover the 
Usambara Series are inhabited by a surprisingly large number of distinct 
species, known from no localities outside these extremely restricted mountain 
forests. Examples are Malaconotus alius Friedm., Apalis moreaui Scl., 
Ploceus nicolli Scl., Artisornis metopias (Rchw.) among birds: Pterocarpus 
Zimmerntafiii Harms, Cephalosphaera usambarensis Warb., Berlinia Scheffieri 
Harms, Sloetiopsis usambarensis Engl., among trees. 

The greatest abundance of vestigial forms, both endemic and West African, 
survive precisely in those spots that are unique in East Africa by reason of 
their copious rainfall — amounting to between 60 and 80 in. very well distri- 
buted — in a zone that is neither fully tropical nor subject to frost: and it is 
a legitimate inference that the forms in question are unable to survive under 
any more rigorous conditions. Now they are at the present day extremely 
restricted; any pronounced general deterioration in climate would result in 
the complete disappearance from East Africa of the delicately balanced con- 
ditions in which they live, and they would vanish too. Their survival till the 
present day tends to show that the inter-pluvials we are discussing cannot 
have involved very severe general desiccation. 

{d) A general drop in rainfall sufficient to have a marked effect on the 
Rift Valley, which with 37 in. already shows a tendency to dry up, w'ould not 
necessarily much affect the total area of the forest elsewhere. The Nakuru 
district w^ould indeed be “intensely desertic” if the average rainfall fell 
another 10 in., but the greater part of the existing forests have as wude a 
margin of safety as that. Within their limits there w^ould, of course, be some 
readjustment of the zones of the several types, “temperate rain-forest for 
example tending to be replaced by “plateau forest*’ or “cedar”; but only 
that fringe of the forest area already maintaining itself on a minimum rainfall 
would be lost. If the 27 per cent, drop in rainfall which 10 in. in the Rift 
Valley represents were general, the effects would be more serious. Most of 
the existing “cedar” areas w^ou Id disappear, and that association would largely 
replace “temperate” forest where it now occurs. Uganda, the chief corridor 
to the West African forests would be extensively denuded. But in comparing 
former dry periods with that in wffiich wt. live it must constantly be remem- 
bered that the East African forests have suffered more diminution through 
recent human agency than they would have through an appreciable drop in 
rainfall. 

All these considerations tend to show that the climates of the two inter- 
pluvials had not necessarily a catastrophic effect on forest grow^th. They may 
even not have been much more severe than that of the present day. This 
conclusion, in so far as it depends on consideration (c) applies with especial 
force to the post-Makalian dry period : for if the specialised forest life of the 
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Usanibara series had been swept away in the post-Gamblian, it is just possible 
that the Makalian pluvial may have been long enough, and sufficiently im- 
portant in extending the forest, to enable even mountains within sight of the 
Indian Ocean to be restocked with West African forms. But if these types 
had been swept away in the post-Makalian the Nakuran wet phase could have 
done nothing to repair the loss. 

Summary of conclusions. 

I desire to emphasise that in a summary of this nature the statements 
made must inevitably appear to be more definite and precise that I should 
wish or than the present evidence warrants. In particular the dates are to 
be understood as nothing more than indications of relative remoteness from 
the present. Forest'’ is to be read as "‘Evergreen Forest.” 

Present forest boundaries are generally not natural. They have been re- 
duced by human agency as much as they would have been by an appreciable 
drop in rainfall. 

A general increase of from 15 to 20 in. in the rainfall of East Africa would 
be sufficient to cover practically the whole of it in time with forest. 

Communication of the existing forest islands with each other and with the 
West African forest existed under Temperate climatic conditions for a long 
period prior to 400,000 years ago. To this epoch (Kamasian) is ascribed the 
dispersal of the species now confined to the upper part of the montane forest/S. 
Evidence that the existing Alpine areas were in direct communication during 
the Kamasian is, how^ever, lacking. 

After an interval of which we know nothing, Kamasian conditions wtyc 
re-established in a somewhat modified form and continued until about 22,000 
years ago. So recently, then, as this latter date montane forest forms — prob- 
ably those now typical of the lower zones — were dominant throughout the 
East African interior, and West African influence could penetrate to within 
sight of the Indian Ocean. The subsequent dry period may have been severe 
enough to obliterate forests in some areas where they exist to-day, but whole- 
sale destruction probably did not take place. 

Before 12,000 years ago the forest sheet was in part re-established, but 
under temperature conditions similar to the present; so that montane forms 
were generally restricted, as now, to high ground. For these it is possible that 
communication was open from Elgon to Kilimanjaro and the Usambaras. 
But it is unlikely that the highland forms in Southern Tanganyika Territory 
were in communication with the Northern, or the Ulugurus with either. 

The subsequent dry period njay have been hardly more rigorous than that 
now being experienced. The wet phase that reached its maximum 2800 years 
ago was, beyond question, insignificant. 

It follows that up till 22,000 years ago opportunities continually occurred 
for the flora and fauna of montanes now isolated to be assimilated with each 
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other and with West Africa. It is only for certain during the last 12,000 years 
that the conditions of isolation favourable to race differentiation have been 
fully developed. 
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THE RIVER AS A FACTOR OF PLANT DISTRIBUTION 

By S. ILLICHEVSKY. 

In the spring of every year the rivers that flow through the plains of Eastern 
Europe and of Siberia begin to overflow and inundate their valleys. The snow 
accumulated during the continuous cold winter, especially in the northern 
forest regions, which gather immense quantities, rapidly melts with the great 
spring rise of temperature. The current of most of the rivers is slow on account 
of the flatness of the land, and the thaw thus causes very extensive flooding. 
Thus the Dnieper at Kiev in the spring of 1931 rose 8-52 m. above its ordinary 
level, and its tributary, the Desna, about 8 m. As the territory drained by 
these rivers is comparatively flat it is natural that the spring floods should 
cover immense areas, inundating forests, fields and villages, so that one may 
often see a lake 10 km. broad spreading over the river valley to the horizon. 
This lasts for a month or six weeks, and then the river gradually retreats 
between its proper banks. 

During the flood a thick layer of comparatively cold water covers every- 
thing, and plants growing in the inundated area must suffer a check in growth, 
being deprived of air and warmth and partly of sunlight. Many plants perish 
under such conditions, while others live on through the summer without any 
visible damage. Thus the vegetation of that portion of the river valley which 
is inundated — the greater part of it every spring — must differ more or less 
sharply from the vegetation of upland (non-inundated) parts of the valley. 
No matter whether the river is great or small it inevitably floods its valley 
in the spring. 

The common structure of the river valleys in Eastern Europe, as worked 
out by Prof. G. Tanfiliev about forty years ago, is as follows. On the right 
bank of the river we have an upland plateau with argillaceous soil (loess), 
chernozem, or chalky soil (generally rich in calcium carbonates); then we 
come to the alluvial (inundated) part of the valley with the river itself. On 
the left bank of the river is a belt of alder swamps; then the slope of the 
so-called “second (sandy) terrace of the left bank” and the terrace itself 
(a sandy plateau), and finally — sometimes after a belt of peat or saline bogs 
occupying the inner part of the sandy terrace — we come to the gradual slope 
of another plateau (the third terrace, chiefly chernozem). It is generally 
supposed that a river formed its valley by changing its course in the valley 
area, and that it could never fill the valley channel (“Talweg”) completely; 
but if we consider the modern floods which cover the whole valley up to the 
second sandy terrace, we may well suppose that similar, and probably much 
greater floods, were habitual during the Ice Age when colossal masses of 
frozen water, incomparably greater than the modern snow layer of the winter 
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in the temperate zone, must have thawed gradually during the summer, as 
the winter snow thaws now in the spring. Then the normal summer bed of 
a river would occupy the whole bottom of the river valley, so that the “second 
terrace” may well be the true bank of the giant river of the glacial period. 
And it is not impossible, I think, that in an exceptionally hot summer even 
this second terrace would have been covered with water, especially during 
the period of the glacial retreat. Modern rivers do not fill the bottoms of their 
valley except in a few cases, and then chiefly in the middle parts of their 
courses. It is in these middle parts that there exists a zone which is flooded 
every year, and it is natural that this zone should differ considerably in its 
vegetation from other non-inundated parts of the river valley and plateau. 

We may now ask — in what do the differences consist? My botanical in- 
vestigations during many years, in several parts of the Northern Ukraine in 
the basin of the Dnieper, have provided plenty of material for answering this 
question, and it has been possible to compile a list of plants which avoid, 
and a corresponding list of those which inhabit, the inundated areas. The 
investigations were made in the river valleys of the left bank tributaries of 
the Dnieper, namely the Desna (at Chernigov and partly at Novgorod-Scversk), 
the Soola at Loobni and its tributary the Oodai in a number of places, the 
Vorscia at Poltava and at two places respectively 45 and 60 km. to the north, 
and the Orel with its tributaries (three separate localities). At Poltava espe- 
cially I made precise and systematic observations over a long period (about 
14 years), so that it is possible to state with almost perfect accuracy the 
connection between many plants of the Poltavan flora and the inundated 
areas. Calculations of the numbers of species growing in various belts of the 
river valley at Poltava have given some very interesting results, showing the 
great differences between the systematic composition of the several belts. 
The chernozem belt at Poltava was not so carefully investigated, and the 
figures for this belt are therefore omitted. The numbers and percentages of 
species growing in three of the belts are as follows : 

Left bank 

Right bank (clay) Inundated ixilt 2nd nandy terrace 



No.of spp. 

f)/ 

/o 

No . of spp. 

O' 

/o 

No.of spp. 

o/ 

/o 

Total 

Total Angiospernis 

586 

61 

379 

395 

363 

38 

960 

Licotyhidons 

497 

66 

283 

36 

282 

36 

754 

Alsineae 

14 

67 

7 

33 

15 

71 

21 

Sileneat? 

20 

80 

11 

44 

11 

44 

25 

Ranunculaeeac 

19 

57 

14 

22 

16 

48 

33 

Labiatao 

35 

746 

12 

255 

16 

34 

47 

Monocotyledons 

97 

47 

106 

615 

81 

39 

2m 

Gramineae 

51 

615 

45 

54 

30 

36 

83 

Cyporaoeae 

14 

37 

19 

50 

23 

605 

38 

Liliaoeae 

15 

54 

7 

25 

12 

43 

28 


Many species occur in several belts and therefore the total number of 
species is less than the sum for all the belts together. Some ecological charac- 
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teristics of certain families are seen very distinctly in this table. For instance, 
the monocotyledons are evidently more attached to the moist conditions of 
the inundated part of the river valley than the dicotyledons (51 per cent, of 
the whole number of monocotyledon species and only 36 per cent, of the 
dicotyledons), the Gramineae are more numerous (61 per cent.) in the rich 
soils of the belt on the right bank of the river, while the Cyperaceae prefer 
sand (60-5 per cent.), and the Liliaceae evidently avoid the moist inundated 
belt. The Alsineae prevail on the sandy soil belt (71 per cent.) while the 
Sileneae grow mostly on the rich soils of the clayey belt. The Labiatae are 
ecologically similar to the Liliaceae, avoiding the river belt and evidently 
prefer the argillaceous belt. Thus every belt has its own special characteristics. 
The specific composition of a belt community hardly changes, even for dis- 
tances of hundreds of kilometres along the belt, while in passing across a belt 
the vegetation changes very distinctly, often in the space of a few hundred 
metres. For instance, the forests on the upper part of a river’s course and 
near its mouth are almost identical, but the forests of the several belts at 
the same point are quite distinct in their composition and characters. A forest 
of the right (argillaceous) side of the river valley has at Poltava about 75 
typical forest species, of which only 25 species (-^ 33 per cent.) grow also in 
the forests of the inundated belts and only 10 species (13 per cent.) occur in 
the dry forests of the second sandy terrace. The differences are therefore 
striking, and I think it would be desirable always to note on herbarium sheets, 
as well as in botanical accounts, not only the soil on which the plants grow, 
the frequency and other ecological details, but also the river valley belt (at 
any rate if the plants are from the inundated or non-inundated part), marking 
each by a distinguishing letter. 

The specific calculations give other interesting ecological results: for in- 
stance the dry forests of the sandy belt have 43 species (about 30 per cent, 
of the whole number of species) in common with the virgin chernozem steppe, 
and 51 species (^ 34 per cent.) growing also in dry meadows of the argillaceous 
(right bank) belt. But there is not a single steppe species in the forests of the 
argillaceous (right bank) belt. Thus a forest of the sandy belt and a forest of 
the right bank argillaceous belt are of quite different characters. 

The distribution of the vegetation of these belts on the river valley terraces 
is another interesting point: the upland (right side) plateau with grey forest 
soil, the loess slopes of this plateau and the non-inundated parts of the river 
valley — the lowland — are almost identical in their vegetation and belong to 
the same belt. Even the slopes of the second (sandy) terrace are covered by 
the same vegetation. The sandy plateau of the second terrace as well as the 
inundated parts of the lowland^ have a distinct vegetation. Thus these belts 
do not coincide with river terraces, nor with soil distribution, the same vege- 
tation being found on grey forest soil, on sand, and on loess soils, while the 

^ Which have also a sandy soil. 
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sandy soil of the inundated river valley and of the second terrace and of its 
slopes have all three quite distinct vegetations. It is evident that water is 
the chief factor determining the belt distribution. 

I give here the lists of plants growing on one belt and of those avoiding it, 
taking for the sake of simplicity only the two chief belts: the flooded belt (R) 
and the non-flooded (upland, U); these lists contain only the species which 
in the whole of the investigated territory, i.e. in the basins of the above- 
named rivers, are always connected with one of these belts and never occur 
in the other, i.e. plants peculiar to each belt. Of the many species peculiar 
to each belt those which have a wide distribution, or which occur also in 
Western Europe and are therefore best known to the West European reader, 
were mainly chosen. 


I. Plants of the inundated belt which avoid the upland plateau belt. 


Potamogeton nataris (arnl other spp.) 
AUiurn acutangulum Schrad. 
Fritillaria Mclt'agris L. 

Orchis laxiHora Lain. 

8alix purpurea L. 

Nasturtium amphibium H.Br. 

8ium latifohum L. 


Ostoricum palustre Bess. 
Teiieriuin Scordium L. 
Lyeopus exaltatus L. 
Veronica longifolia L. 
Pedicularis laeta Stev. 
l^tasites tomentosus DC. 


and many other species, such as Koeleria Delaviynei Czern., etc. 


11. Plants of the non-inundated belt ivhich never occur in the flooded region. 


Bromus erectus Huds. 

Koeleria glauca DC. (only on second sandy terrace) 
8tipa capillata \j. (and other spp.) 

Glyceria plicata Fr.* 

Carex supina Whlnb. 

C. Micheli Host. 

C. pilosa Scop.f 

J uncus glaucus Khrh.J 
Allium rotundum I...! 

A. sphaerocephaluni L.f 
Gagea lutea Schult.f 
St-ellaria Holostea L.f 
Silene nutans L.t 
J)elphinium consolida L. 

Anemone silvestris L. 

l*ulsatilla patens Mill (not in right bank belt) 

J*. nigricans JStm^rk. 

Corydalis solida Sin. 

Sisymbrium Alliaria Scop. 

Turritis glabra L. 

Draba verna L. 

D. nemorosii L. 

Cytisus austriaeus L. 

Melilotus orticinalis§ 

Trifolium alpestre L. 

Viola hirta L. 

V. odorata L.f 
and many other species. 


Viola mirabilis L.f 
V. Hiviniana Rchb.t 
Peueedanum alsatieum L. 

Seseli annuura L. 

Pulmonaria officinalis L, 

P. angustifolia L. 

Ajuga genevensis B. 

Salvia pratensis L. (right bank belt) 
Thymus marschallianus Willd. 

T. chamaed^y^s Fr. 

Verbascum Iwychnitis L. 

phoeniceum L. 

V’^eroniea spicata L. 

V. Teiicrium L. 

Pedicularis coiuosa L. 

Asperula cynanchioa L. 

A. odorata L. (only right bank l>elt) 
A. glauca Bess. 

Campanula sibirica L. (not on sands) 
C. persicaefolia L. 

Chrysanthemum coiymbosum L. 
Senecio Jaeobaea B. 

(ventaim^a Seabiosa B.f 
Tragopogon major Jaeq. (not in the 
sand belt) 

Bapsana communis B. 

Taraxacum serotinum W.K. 


♦ A marsh plant growing along the brooks, but never in the river belt; Glyceria fiuituiu, on 
the contrary, grows only in the river belt and not on the upland marshes, 
t Not on second (sandy) terrace. 

X A marsh plant, like Glyceria plicata, common along upland brooks but not found in the 
river belt, where other species of Juticus replace it. 

§ Replaced by M, albua Desr. in the inundated belt. 
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Exceptions may be possible in other climates and other regions where a 
species of this (non-inundated) belt may be found on another (inundated) belt, 
and vice versa, but in the territory described I have never seen such exceptions. 

The last conclusion from my investigations is that plant communities may 
be distributed in series, where several communities contain certain species 
replacing one another (e.g. certain Veronicas, Ranunculi, etc.) or vicarious 
species^. If my results are compared with those of other authors in literature 
dealing with more northern or more southern localities, it will be seen that 
a field or a meadow plant of the North may become a forest plant, or even 
a plant of alder swamps in my district. Therefore a species may change its 
habitat in a different latitude or a different climate and is evidently less 
plastic in relation to various ecological conditions than is generally supposed. 
In the same way palms and other tropical plants grow in greenhouses in 
temperate climates although they could not grow in temperate forests; and 
southern steppe or desert plants grow on warm southern slopes in temperate 
climates, while species of northern origin, which in their original climate are 
found in meadows, occur in shady forests or cold alder swamps in more 
southerly latitudes. Under such conditions even whole plant communities of 
a more northern and of a more southern type are to be found in juxtaposition; 
thus we have at Poltava, and other places in the neighbourhood, not only 
forest, steppe and meadow communities typical for this locality, but even a 
semi-desert or desert type of vegetation (on the dry sandy soil of the second 
terrace) with its scattered tussocks of grasses and spring cphemerals between 
them. 

Summary. 

The vegetation in river valleys of the eastern part of the Eurasian continent 
displays a great and constant difference between the inundated and non- 
inundated parts of the valley. There are many species growing only in the 
parts of the valleys inundated in spring or, on the other hand, only in the 
non-inundated parts; thus we have two primary zones or belts quite distinct 
in their vegetation and not coinciding with river terraces nor with soil belts. 
In the same manner the vegetation of the “second sandy terrace” of the left 
bank is also quite distinct. And there are parallel species replacing one 
another in the several belts and zones just as there are in the several plant 
associations — “ ecological series ” of species. In different latitudes and climates 
plants change their habitats, and this change compensates for the lack of 
physiological adaptability, which is not so great as is generally supposed. In 
the same locality species and communities of more northern or more southern 
type exist side by side, ranging from desert vegetation to that of the northern 
swamps or tundra, each with its characteristic species, microclimate, soil con- 
ditions and even landscape. 

1 Better to call them corresponding species, as vicarious is a geographical, not a topographical 
term. 
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ON INTERMITTENT GERMINATION AS ILLUSTRATED 
BY HELIANTHEMUM GUTTATUM MILLER 


By Miss D. V. JUBY, B.Sg. 

AND 

Miss J. H. PHEASANT, B.Sc. 

{With one Figure in the Text and one Folding Graph,) 

Helianthemum Brewert Planchon exhibits markedly intermittent germina- 
tion, to the biological importance of which attention has been drawn (cf. 
Salisbury, Biological Equipment of Species in Relation to Competition, This 
JouRN. 17 , p. 219), Prof. Salisbury therefore suggested to us the desirability 
of investigating the germination of a similar type, namely H, guttatum, with a 
view to elucidating the degree of constancy of this feature and the causal 
factors involved. These investigations were carried out in the Botanical 
Department, University College, London. 

Ripe capsules of Helianthemum guttatum were collected between August 
and October 1930. The seeds therefrom were used in our germination tests. 
Shallow, round glazed dishes were used as germination pans. Finely sifted 
loam was placed in each dish to a depth of about f in. The soil was then 
pressed down evenly but lightly, well moistened with tap water and covered 
with a thin layer of sand previously sterilised by boiling with water. Any 
foreign seeds present in the soil which germinate, can therefore be detected 
and removed, as they have to penetrate the sand layer. In general, 100 seeds 
were sown in each pan on top of the sand, and the pan was covered with a 
sheet of glass. Thus the layer of air inside the pan above the level of the 
seeds was more or less saturated with water vapour, and conditions were 
comparable with those obtaining inside a Wardian case. The sand was kept 
moistened daily with tap water, and the seedlings removed after the ap- 
pearance of the plumule. This procedure eliminated error due to possible 
‘‘pseudo-germination.” The date of emergence of the radicle was taken as 
the day of commencement of germination. 

In all, 25 sets of 100 seeds each were sown in this way. The results obtained 
were detailed in germination graphs. The number of seeds germinating in 
one day were presented as ordinates, and the number of days after sowing, 
when germination occurred, as abscissae. The collective graph for the entire 
2500 seeds is shown in Pig. 1. The results are set out in the accompanying 
table. 
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No. of 
days 
after 
sowing 

l-2mm. A B C D E V G H I J K L M N O P Q K S T U V W X Y 

145 

140 - 

147 - -- -- -- -- -- -- -- -- -- -- -- -- 

J48 - 

149 

150 - --1 i_i - 

151 

152 _----__-----_------_i_--- 

153 

154 _i_. 1 - _ 

155 - 

150 - 

157 - -- -- -- ------- 1 ---------- 

158 - 

159 _- _.___-i_-_______-_^ll -l_ 

100 - 

101 - -- ____-----l---l-____--_ 

1(}2 - _- ____----_--l----_-_--- 

1(}3 - 

104 - - i2--~-----------l-l 2 1 

105 - - -------1 

100 - 1-1- 

Km ------- 

108 - - 2--- 
109 - i- i- - . ________ 

170 1 - 

171 - - 

172 - 

173 - 

174 _ __________i__________ 

175 ___________________________ 

17(5 - i__ii 

177 - -- -_----------l--------2 

178 - 

179 - __--_--------___ii- 

180 - 

181 - 

182 - -- - - -- -- i- -- -- -- -- -- -- -- 

5 days blank 

188 - 1 __------_-'_------_2-2 1 - 

189 - -- -- -- -- -- -- -- -- -- -- -- -- 

UK) - I 

4 days blank 

195 -1_- - 

190 - -- -- 1 

After the 190th day there was no further gerininatiun day except one seed in set Y on the 207th day and one seed in 
set V and one in set Y on the 220th day. 

In all these sets, intermittent germination was shown and a remarkable 
degree of constancy was exhibited. Germination commenced on the third 
day after sowing. The maximum was attained a few days later-approxi- 
mately on the t/cnth day. It is remarkable that whereas 28 days after sowing 
the seeds had already reached a percentage germination averaging 60-80 % , 
the very high total percentage germination, namely 90-100 % , is obtained only 
after the seeds have been in conditions favourable to germination for a period 
of, in some cases, 100 to more than 200 days. The type of germination obtained 
remained constant, despite the fact that some tests were not carried out till the 
October after gathering the seed, while still others were made the following spring. 

A typical germination graph is shown in Fig. 1 (6). Further investigation is 
necessary, however, to determine whether the same tj^e of germination graph 

29-2 
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obtains with seed kept for more than one year after collecting. The behaviour 
of seeds sown immediately they are ripe requires further investigation. 

It was considered desirable to ascertain whether differences in light in- 
tensity affect the type of germination of this species. Three pots, each con- 
taining 100 seeds, were set up as in the previous tests. One set was placed 
in the dark, a second set was subjected to the relatively bright light of a 
greenhouse during the day, and a third set was placed where the light intensity 
was low. Here again, the form of the germination graph for any one of the 
three tests did not deviate from the normal type. Intermittent germination 
in this species, therefore, does not appear to be affected by exposure to bright 
light or to darkness, although the germination extended over the longest 
period in the dark (193 days) and the shortest in the light (168 days). 

Experiments were set up in November, and others in April. During 
November and December the average temperature of the laboratory was 
50^ E., the highest temperature recorded being 60"^ F. and the lowest 46° F. 
In the April experiments the temperatures during the day were considerably 
higher and more uniform, since the pots were kept in a heated greenhouse, 
the temperature of which was approximately constant at 60° F. The form of 
the germination graphs of the experiments set up in October did not however 
differ appreciably from that of the April experiments. Thus it appears that 
differences in temperature do not affect the type of intermittent germination. 

An attempt has been mad e to investigate the cause of the intermittent germina - 
tion observed. The problem has been to discover whether the delayed germination 
of a large percentage of seeds of this species is due to the relative impermeability 
of the testa in some of the seeds. Another possibility was that seeds, which 
germinate some considerable time after sowing, may contain immature embryos. 

The testas of 300 seeds were abraded. This was done by rubbing each seed 
gently on fine sandpaper. The aim was to puncture the testa at the broader 
end of the seed, this being the end furthest away from the micropyle. The 
seeds were sown in sets of 100. 100 unfiled seeds were sown in a fourth pan 
as a control. The following results were obtained. 


No. of days 
after sowing 
2 

3 

4 

5 

6 

7 

8 

9-12 

13 

14 

15 

16-18 

19 

20 
21 
22 


A 

62 (62 %) 
4 (66 %) 

11 (n %) 

2 (75 %) 

2 (77 %) 


1 (78 %) 


B 

C 

Control 

82 (82 %) 

66 (66 %) 

2 (2%) 

— 

— 

10 (12 %) 

— 

2 (68 %) 

9 (21 %) 

— 

— 

11 (32 %) 

— 

— 

3 (35 %) 

None 



— 

— 

5 (40 %) 

None 

— 

— 

— 

— 

1 (41 %) 
3 (44 %) 


No further germination of the experimental seeds was obtained, but one control seed germinated 
on the 31st day, and germination of the controls continued at intervals thereafter. 
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It was found that even on the second day after sowing, a high percentage 
of the filed seeds had germinated (from 62-82 per cent.), whereas the per- 
centage germination in the control experiment was only 2 per cent, in 2 days 
and 45 per cent, in 31 days. The technical difficulty of abrading the testa of 
300 seeds as small as those of H. guttatum, in an exactly similar manner and 
to the same extent in every seed, will be appreciated. The fact that in two 
of the three sets of filed seeds a few germinated subsequent to the majority, 
can be explained by the warrantable assumption that the testas of these seeds 
were not abraded as deeply as were those germinating on the second day after 
sowing. The filed seeds which had not germinated by the 22nd day after sowing 
were concluded to have been badly damaged in the filing process. 

These results render it highly improbable that intermittence is due to any 
appreciable extent to differences in the degree of maturation of the resting 




Fig. 2. a and 6, ‘"hard” and “soft” seeds after 48 hours soaking in tap-water; 
c, “soft” seed germinating. 


embryos. On the other hand, the results strongly support the view that inter- 
mittence is bound up with the greater or lesser degree of permeability of the 
testa. 

As a sequel to the filing experiments complete removal of the testa was 
attempted. The small size of the seed necessitated soaking before removing 
the testa. Seeds were soaked for 24 hours and then examined under a dis- 
secting microscope. It was obvious that some of the seeds had swollen more 
than others. In the swollen seeds the outline of the embryo was not visible 
through the testa (Fig. 2 b). These seeds were soft and from them the testas 
could be removed with dissecting needles. The less swollen seeds were hard, 
and in these the well defined curved embryo could be seen through the testa. 
The testas of the hard seeds could not be removed without injuring the 
embryo (Fig. 2). 

The testas were removed from 50 '‘soft” seeds, and the exposed embryos 
were set as usual on the surface of the sand and moistened with tap water. 
The embryo consisted of a radicle which lay flat against two cotyledons of 
the same length as the radicle. The seeds were assumed to have commenced 
gerlnination when the radicle separated from the white cotyledons and turned 
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downwards. By this time the cotyledons had usually become yellow. Since 
the apparently simultaneous germination after filing might be attributed to 
an intermittent germination, in which however the whole sequence was passed 
through in a much abbreviated period, observations were made at hourly 
intervals so as to test this point. 


Set at 11 a.m. 
12 midnight 

1 a.m. 

2 a.m. 

3 a.m. 


No. germinated 
2 
2 
16 
50 


Percentage 

4 

4 

32 

100 


Thus 13 hours from the time of setting, germination commenced and 
100 per cent, germination was recorded within 3 hours. Simultaneous ger- 
mination was also obtained from a further batch of seeds similarly treated. 
These, however, only attained a total percentage of 80, the remaining 20 per 
cent, shrivelled up, probably due to injury during the removal of their testas. 
Thus with the removal of the testa intermittency disappears. 

The embryos were found to differ in size but this did not differentiate 
them as regards .the time taken to germinate. 

Fifty soft seeds which had been soaked for 24 hours were planted in a pot, 
but the testas were not removed. A control of 50 seeds without testas was 
also set up. 


Days after soaking 
2 

3 

4 

5 


Days after sowing 
1 
2 

3 

4 


Testas intact 
0 

23 (46 %) 

11 (68 %) 

3 (74 %) 


Testas removed 
49 (98 %) 


Thus a much higher percentage of the ‘‘soft’’ seeds germinated within 
5 days from the time of sowing than was found in the unselected seed batches 
first set up. 

In time, hard seeds which were left soaking in water became soft, and 
the softened seeds were removed from day to day. The results are shown in 
the following table : 


No. of days soaking 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 


No. of hours soaking 
24 
48 
72 
96 
120 
144 
168 
192 
216 
240 


No. of seeds removed 
60 
40 
12 
12 
0 
0 
7 
7 
0 
2 


After soaking for 528 hours some seeds were still hard; 25 of these were 
then removed and planted. It will be seen from the table below that these 
very hard seeds are very slow in germinating. Germination was not inhibited 
by the long soaking in water since the soft seeds germinate quite well in water, 
producing healthy green .cotyledons. 
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25 hard seeds soaked in cold water for 22 days (528 hours) then planted on sand over soil. 
Days after beginning of soaking No. of seeds germinating per day 


23 1 

24 0 

^3 2 

54 1 

63 2 

65 1 

100 8 


156 2 

It would thus appear that there is a physiological dimorphism in respect 
to the permeability of the testa among the seeds of ff. guiiatum. Those seeds 
having the higher degree of permeability germinate within a few days (about 
five) of sowing, when in conditions favourable to germination, while the 
impermeable seeds germinate only when the testa has become permeable, 
their germination extending over a prolonged period up to 228 days. 

Some seed was soaked in water, and after 48 hours the “soft” seeds were 
removed. Then 100 “hard” seeds were planted. Another batch of seed was 
soaked for 3 hours and then a second set of “hard” seeds was planted. Inter- 


mitten t germination was 

exhibited by both batches of 

“hard” seed 

as shown 

below. 

Days after 

Set A 

48 hours 

Set B 

3 hours 

Days after 

Set A 

48 hours 

Set B 

3 hours 

sowing 

soaking 

soaking 

sowing 

soaking 

soaking 

2 

_ 

6 

18 

1 

- 

3 

_ 

3 

19 

- 

12 

4 

__ 

„ 

20 

1 

- 

5 

10 

13 

21-23 

None 


6 

3 

8 

24 

1 

- 

7 

4 

8 

25 

2 

- 

8 

3 

9 

26 

3 


9 

_ 

3 

27 

1 

5 

10 

7 

- 

28 

- 

1 

11 

4 

- 

29 

- 

5 

12 

12 

2 

30 

- 

5 

13 


— 

31 

- 

1 

14 

__ 

4 

32-.33 

None 


15 

6 

1 

34 

7 (71 %) 

- 

16 

1 


35-30 

None 


17 

5 

4 

37 

- 

1 (91%) 


An attempt was made to increase the permeability of the testas by means 
of chemical treatment. Two batches of seeds were soaked in concentrated 
sulphuric acid for 5 min. and 30 min. respectively and then thoroughly washed 
in water for one hour. Control batches were set up, but were soaked in tap 
water for 1 hr. 5 min. and 1 hr. 30 min. respectively. The seeds were after- 
wards transferred to four germination pans. 



450 Intermittent Germination of Helianthemum guttatum 


Intermittent germination was still exhibited in each batch. Treatment 
with acid, therefore, had not increased the permeability of the testa, but 
since 100 per cent, germination was ultimately obtained in the seeds soaked 
in acid for 30 min. such treatment had not injured the embryos. The result 
of treatment with acid for a longer period has yet to be investigated. 

The problem of differential permeability resolves itself into two factors — 
Does the mere increased permeability of the testa to moisture and salts in 
solution hasten germination, or does increased permeability enhance germina- 
tion by facilitating gaseous exchange between the embryo and the atmo- 
sphere? It is obvious that when the testa is punctured the supply to the 
embryo of both water containing salts in solution and gases is materially 
increased, and under such conditions, simultaneous germination was obtained. 

To elucidate this point, seeds have been germinated in an atmosphere 
containing an increased partial pressure of oxygen. 100 seeds with their 
testas intact were planted on sterilised sand in a petrie dish, and moistened 
with tap water. In this experiment the underlying layer of soil was omitted, 
since decomposition of the humus therein would increase the partial pressure 
of COg in the atmosphere around the petrie dish, and this was not desirable. 
The dish was placed in a container connected with a gasholder containing 
oxygen and air in the ratio of 50 per cent, oxygen to 50 per cent. air. This 
enriched atmosphere was then passed slowly through the container. The gas- 
holder was recharged with the mixture each morning. This experiment was 
continued for 11 days. Control batches of 100 seeds each were prepared on 
sand in petrie dishes and kept exposed to the atmosphere. It was found that 
the rate of germination was not increased by increasing the oxygen content 
of the surrounding atmosphere. 


Days after 
sowing 

3 

4 

5 

6 

7 

8 


50 % Ojj : 50 % air. 
Daily germination 


Appearance Appearance 

of radicles of plumules 


10 


1 


Control 


Daily appearance Daily appearance 
of radicles of plumules 

1 — 

6 — 

37 5 


2 11 5 41 

4 2 9 9 


It seems, therefore, that germination in Helianthemum guttatum is condi- 
tioned by the rate at which the testas become permeable to water and salts 
in solution. It is clear that the high proportion of germinations in the first 
few days is due to the “soft” seeds whilst the collective graph for the total 
2500 germinations suggests the possibility of continuous germination amongst 
the “hard” seeds if the number of germinations were vastly increased. The 
reasons for the wide variation amongst the latter remains however obscure. 
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Summary. 

1. An account of the type of germination of seeds of Helianthemum 
guttatum Miller is given. 

2. Intermittent germination was found to be constantly exhibited. 

3. The results from 25 sets of 100 seeds each showed a remarkable con- 
stancy in the type of germination ‘‘curve.” 

4. The very high percentage germination in this species (90-100 per cent.) 
was not attained till 200-300 days after sowing, but the highest germination 
occurs about the tenth day. 

5. Differences in light intensity do not appear to modify appreciably the 
type of the germination graph. 

6. The cause of the intermittent germination was investigated, and it was 
found that when the testas were abrased, simultaneous germination was 
produced. 

7. Hourly determinations on seeds from which the testas were completely 
removed showed that the simultaneous character of the germination observed 
was real and not merely apparent. 

8. It was found that in any batch of seeds investigated, some were “soft” 
and some “hard.” Prolonged soaking in w^ater was found to “soften” hard 
seeds. 

9. “Soft” seeds germinated within a few days after sowing whilst the 
“hard” seeds germinated only after their testas had become permeable. Thus 
the degree of permeability of the testa determines the rate of germination of 
the seed. 

10. Increased partial pressure of oxygen in the atmosphere in which seeds 
were germinated, does not appear to accelerate the rate of germination. 

11. The rate of germination in Helianthemum guttatum, therefore, seems 
to be conditioned by the rate at which the testa is rendered permeable to 
water and salts in solution. Hence the relatively constant form of the ger- 
mination graph probably represents the variation curve for the degree of 
permeability of the testas. Intermittency thus appears to be conditioned by 
two factors. The physiological dimorphism of the seeds (“hard” and “soft”) 
and the very wide range of variability as to permeability of the testa exhibited 
by the “hard” seeds. 

Our thanks are due to Prof. E. J. Salisbury for his valuable help throughout 
these investigations. 
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(a) Introduction. 

In 1925 Prof. E. J. Salisbury, while considering the structure of woodlands (9), 
recognised the significance of the mechanical factor of the soil as exercising 
an important influence on the rhizomes of woodland plants. 

Some studies have also been made by Eden and Maskell (4) at Rothamsted 
for winter wheat and a correlation found between the soil resistance and the 
number of plants surviving the winter and the percentage of plants that 
tillered. Keen (7) is inclined to attribute the better development of the root 
system, observed in coarse sand by Hall, Brenchley and Underwood (5) in 
their experiments with lupins grown in sand and silt, to the absence of the 
mechanical factor (in coarse sand) rather than to differences in diffusion of 
oxygen as the authors suggested. 

Perusal of the ecological literature makes it clear that this factor in relation 
to plant growth has been almost entirely neglected in comparison with other 
biotic, edaphic and climatic factors on which a vast literature already exists. 

It is proposed to consider in this paper the reaction of plants to the density 
of the soil with special reference to root systems of both monocotyledonous 
and dicotyledonous plants. 

The importance of the study of soil texture to agriculture has been pointed 
out by Weaver (12) in Root Development of Field Crops, and by Keen in 
Physical Properties of the Soil. Haines and Keen (6) have measured the re- 
sistance of the soil to ploughing and its relation to moisture and manures at 
Rothamsted by means of the dynamometer. 

To supply an answer to the problem in hand some experimental work in 
the laboratory supplemented by field observations was carried out. The ex- 
perimental work consisted of an examination of the physical properties of a 
selected soil under mechanical compression as regards its water capacity, 
differences in pore space, resistance to flow of water and penetrability, and 
culture experiments. Field observations were made on the length and thick- 
ness of internodes of rhizomes of Mercurialis perennis in soils of varying 
texture. 

Throughout the discussions that follow the terms “compressed,” “inter- 
mediate” and “loose” are employed to denote three densities of the selected 

‘ Part of thesis approved for the Degree of Master of Science In the University of London. 
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soil that was used in the experiments. The soil was completely air dried and 
thoroughly sifted before compressing in iron tubes. Uncompressed samples 
are termed ‘‘loose/’ samples compressed as much as possible by dense packing 
with a ramrod and a mallet are termed “compressed,” and the samples less 
compressed are termed “intermediate.” Evidence will be afforded in the sequel 
to show that the density of the samples in each category was relatively uniform. 

(6) Determination of pore space. 

A suitable soil, which would yield three distinct grades on compression, 
having been selected, the physical properties of the soil were studied. 

It is obvious that soils contain in addition to the mineral constituents of 
the original rock and organic material a certain amount of air and water 
between their individual particles. The texture of the soil determines the 
volume of the pore space, the smaller the size of the particle the larger the 
volume of the pore space, chiefly because the finer the constituent particles 
the less readily do they pack into the condition of the maximum compression. 

The determination of pore space is of twofold importance. Firstly it will 
help to show the uniformity of different samples subjected to different degrees 
of compression, and secondly it is of great significance to the study of culture 
experiments, as the resistance to penetration through different grades of soil 
by the root will depend on its capacity to displace the particles around it, 
i.e. to pack them more tightly in its immediate vicinity. 

A known volume of air-dried and sifted soil was taken and its weight 
subsequently determined. The air from this sample was exj>elled by alcohol 
and the volume of air space determined from the volume of alcohol both by 
weighing and volumetrically, using one as a check upon the other. 

The same method was employed for the compressed and intermediate 
samples when they were compressed to their respective volumes. The volume 
of pore space was expressed as a percentage. 

The results are set out in Table I. It will be noticed that actually the 
volume of pore space in the compressed soil is not so small as might be 
anticipated from the reduction in total volume of the soil as compared with 
the uncompressed soil. In other words the packing of the soil particles in the 
compressed soil is relatively not so good as in the loose soil. 

By a reference to the same tables the absolute means are found to be 
42’ 37 per cent, for compressed soil, 46* 38 per cent, for intermediate soil and 
51-94 per cent, for loose soil. And the range in the same order is 39-98-43-76, 
42-81-48-03 and 51-00-52-87. The range is relatively greater in the inter- 
mediate grade, which is in accordance with expectations as compared with 
compressed or loose soils. Though the density is increased by 12 and 21 per 
cent, the decrease in pore space is not exactly proportional, being respectively 
11 and 18-5 per cent. As the method of compressing the soil by hand might 
produce variable results it is important to note that the determinations of 
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pore space show that the different samples in the same category of com- 
pression (i.e. compressed or intermediate) were relatively uniform, and even 
the extremes for the two degrees of compression show very slight overlap. 


Table I. Pore 

Compressed 

A 

space. Artificial soil, 

Intermediate 

A. 

air dried. 

Loose 

-A 

f 

Density 

> 

% pore space 

Density 

% pore space 

Density 

% space 

1-37 

43-76 

1-27 

48-03 

1-13 

52-87 

1-36 

43-48 

1-28 

47-63 

1-12 

52-86 

1-35 

43-23 

1-26 

47-60 

1-14 

52-76 

1-36 

43-16 

1-29 

47-34 

1-13 

52-73 

1-36 

43-12 

1-29 

47-29 

1-12 

52-54 

1-36 

43-08 

1-28 

47-29 

1-12 

52-52 

1-37 

42-91 

1-26 

47-11 

1-12 

52-47 

1-36 

42-87 

1-27 

46-99 

1-14 

52-45 

1-36 

42-83 

1-25 

46-96 

M3 

52-38 

1-39 

42-75 

1-26 

46-94 

1-12 

52-36 

1-36 

42-74 

1-25 

46-93 

1-13 

52-35 

1-36 

42-71 

1-28 

46-85 

M3 

52-30 

1-40 

42-67 

1-27 

46-77 

1-13 

52-29 

1-37 

42-63 

1-25 

46-77 

1-14 

52-27 

1-36 

42-68 

1-29 

46-69 

1-13 

52-13 

1*39 

42-51 

1-28 

46-60 

M3 

51-96 

1-36 

42-49 

1-28 

46-58 

M2 

51-87 

1-36 

42-49 

1-28 

46-57 

1-13 

51-86 

1-37 

42-36 

1-28 

46-53 

1-15 

51-85 

1-41 

42-34 

1-29 

46-48 

1-14 

51-85 

1-39 

42-31 

1-28 

46-44 

1-13 

51-83 

1-36 

42-31 

1-27 

46-33 

M3 

51-80 

1-37 

42-28 

1-29 

46-30 

1-15 

51-71 

1-36 

42-28 

1-29 

46-29 

1-12 

51-66 

1-36 

42-15 

1-27 

46-18 

1-13 

51-55 

1-41 

42-06 

1-27 

46-18 

1-13 

51-54 

1-37 

42-03 

1-27 

46-08 

1-13 

51-59 

1-41 

41-84 

1-28 

46-01 

M2 

51-41 

1-39 

41-79 

1-27 

45-75 

1-15 

51-32 

1-39 

41-61 

1-30 

45-56 

1-13 

51-18 

1*39 

41-29 

1-28 

45-34 

1-13 

51-09 

1-36 

41-25 

1-29 

44-77 

1-14 

51-07 

1-36 

41-16 

1-25 

42-83 

1-13 

51-54 

1-39 

41-08 

1-30 

42-81 

1-13 

51-04 

1*40 

39-98 

— 

— 

M3 

51-00 

Mean 1*37 

42-37 

1-27 

46-38 

1-13 

51-94 

Percent. 121 

81-5 

112 

89 

100 

100 

Range 

39-98-43-76 


42-81-48-03 


51-00-52-87 


(c) Water capacity and flow of water. 

The three grades of soil samples were allowed to absorb water from below 
to their maximum capacity, and this amount of water was determined. The 
water capacity against the height of soil in tubes is shown in Table II. As 
the tubes of equal diameters were used in all the three cases, the volumes 
will be inversely proportional to densities. 

Table II gives 36-11 c.c. to be the mean water-holding capacity of com- 
pressed soil with a range of 33-16-37-40: 41-84 c.c. to be the mean water- 
holding capacity of intermediate soil with a range of 38-84-44-95; and 50-20 c.c. 
to be the mean water-holding capacity of loose soil with a range of 46-80-52-61. 
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If the densities for loose, intermediate and compressed soils are expressed as 
100 : 113 : 123, then the corresponding water capacities can be expressed as 
100 : 83*34 : 71*93, or if the density of the intermediate soil is increased by 
13 per cent, the water capacity is decreased by 16*66 per cent., and if the 
density of the compressed soil is increased by 23 per cent, its water capacity 
is decreased by 28 per cent. The lowering of the water capacity in the com- 
pressed soil agrees fairly well with increase in density and reduction in the 
pore space. It is also clear from Table II that the values for each grade of 
soil are quite distinct and do not overlap at all. The range is comparatively 
wide in loose and intermediate grade and can be easily explained by the 
relatively irregular and disorderly arrangement of the soil particles in those 
grades, as compared with compressed. Further if we are considering the same 
volume of soil in each case, i.e. volume equivalent to 1 cm. of soil in height 
in the tubes, we find that the water capacity works out to be r5*39 c.c. for 
compressed soil, 5*80 c.c. for intermediate soil and 6*04 c.c. for loose soil. 

Table II. Water capacity, 100 gin. of air-dried and sifted soil 
used in each case. 


Compressed Intermediate I.«oose 


Hcighf 

Water 

capacity 



Height 

.-A ^ 

Water 

capacity 

r 

Height 

> 

Water 

capacity 

cm. 

c.c. 

cm. 

c.c. 

cm. 

c.c. 

6-8 

37-40 

7-4 

44-95 

8-2 

52-61 

6-8 

37-23 

7-4 

43-70 

8-3 

52-14 

6-7 

37-23 

7-4 

43-14 

8-3 

51-97 

6-7 

37-12 

7-4 

43-10 

8-3 

51-86 

6-8 

37-07 

7-2 

42-85 

8-3 

51-57 

6-8 

37-04 

7-4 

42-35 

8-3 

51-46 

6-8 

36-95 

7-4 

42-32 

8-3 

51-40 

6-8 

36-77 

7-4 

42-30 

8-3 

51-09 

6-8 

36-68 

7-4 

41-69 

8-2 

50-80 

6-7 

36-40 

7-4 

41-65 

8-3 

50-69 

6-8 

36-18 

7-4 

41-43 

8-2 

50-58 

6-5 

35-88 

7-0 

41-43 

8-3 

50-32 

6-6 

35’67 

7 4 

40-80 

8-2 

48-91 

6-7 

35-65 

7-2 

40-62 

8-3 

48-47 

6-7 

35-54 

7-2 

40-50 

8-2 

48-33 

6-6 

34-30 

7-0 

39-80 

8-2 

47-42 

6-8 

33-80 

7-3 

39-78 

8-2 

47-32 

6-4 

33-15 

7-1 

38-84 

8-1 

46-80 

Mean 6-7 

36-11 

7-3 

41-84 

8-3 

50-20 

Range 6-4-6-8 

33 15-37-40 

70-7-4 

38-84-44-95 

81-8-3 

46-80-52-61 

Height of 1 cm. 

5-39 


5-8 


6-04 


or vol. 11-34 c.c. 


These data show that increased density as such does not in itself greatly 
affect the water-holding capacity. In other words the plants grown on soils 
of the same type but of different densities are more likely to be influenced by 
the marked differences in mechanical conditions than by the relatively slight 
differences in water-retaining capacity. 

Some idea of the rate of absorption of water by these soils may be of 
interest. Much work has been done in this connection with different kinds 
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of soils, such as sands, loams and clays, both in America and England. Bear ( 1 ) 
regards the medium-textured soils such as loams to be the best for the move- 
ment of water and the height to which it will rise. For the heights that I 
have used for my experiments with the selected soil under different com- 
pressions the data suggest that the movement of water from below upwards 
is retarded to some extent by compression which may or may not be of any 
significance for these heights. The average time taken to rise through unit 
heights in loose soil was 13*3 min., in intermediate soil 17*5 min. and in com- 
pressed soil 20*4 min. Thus with the rate of flow employed the water-supplying 
power of the compressed soil is only about two-thirds of that of the loose soil. 
In situations where transpiration is high the degree of compactness of the soil 
may well play a considerable part in restricting the water supply by affecting 
the rate of flow. 


Table III. Rate of flow of water. Time 30 min. 

Compressed Intermediate Loose 


Height 

Amount of 

Height 

Amount of 

Height 

Amount of 

cm. 

water in c.c. 

cm. 

water in c.c. 

cm. 

water in c.c. 

6*8 

15*54 

7*4 

44*91 

8*3 

192*72 

6*8 

13*62 

7*4 

40*97 

8*3 

187*17 

6*8 

11*14 

7*4 

36*26 

8*3 

184*91 

6*8 

11*09 

7*2 

35*09 

8*3 

180*62 

6*8 

10*67 

7*3 

34*80 

8*3 

168*12 

6*8 

10*56 

7*4 

32*03 

8*3 

160*18 

6*7 

10*53 

7*4 

32*01 

8*3 

157*00 

6-7 

8*97 

7*4 

31*37 

8*2 

154*62 

6*8 

8*95 

7*0 

26*61 

8-2 

152*17 

6*8 

7*59 

7*4 

24*67 

8*2 

160*14 

6*6 

7*10 

7*4 

24*00 

8*3 

145*57 

6*7 

6*76 

7*1 

23*93 

8*1 

128*42 

6*8 

6*19 

7*2 

23*30 

8*2 

118*59 

6*7 

6*72 

7*4 

22*30 

8*2 

109*65 

6*7 

4*94 

7*4 

21*06 

8*2 

102*47 

6*6 

4*20 

7*0 

20*25 

8*3 

100*37 

0*5 

4*15 

7*4 

20*07 

8*2 

98*18 

6*4 

3*25 

7*2 

16*09 

8*2 

91*67 

Mean 6*7 

8*38 

7*3 

28*26 

8*25 

143*47 

Range 6*4-6*8 

3*2fi^l5*54 

7*0-74 

16*09-44*91 

81-8*3 

91*67-192*72 

Height of 1 cm. 

1*26 


3*87 


17*3 


or vol. 11*34 c.c. 


Water was forced through the samples which had absorbed water to their 
maximum capacity from a height of 1 m. to determine the amount of water 
passing through the samples in a known time. Equal quantities of air-dried 
and sifted soil were used in each case. Table III gives the results obtained. 
It will be at once noticed as with water-capacity experiments that the values 
obtained are remarkably di&tinct for each grade of the soil. The mean for 
compressed soil is 8*38 c.c. with a range of 3*25-15*54, for intermediate soil 
the mean is 28*26 with a range of 16*09-44*91, and for loose soil the mean is 
143*47 c.c. with a range of 91*67-192*72. The table very clearly shows the 
resistance to flow of water offered by the increase in density. The amount of 
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water passing through unit height would be 1*25 c.c, in compressed soil, 
3-87 c.c. in intermediate soil and 17-3 c.c. in loose soil. Clearly this resistance 
to flow with increasing compactness of a soil will become more significant as 
the rate of transpiration increases, and the more compact the soil the greater 
the danger of permanent wilting. 

{d) Penetrability. 

This was determined both on the three grades of the selected soil as well 
as on natural soils, viz. sand, clay and loam. The effect of moisture on pene- 
trability was also studied. The apparatus used was similar to that used by 
Prof. Salisbury in his studies of woodlands ((10), pp. 345-6) with slight modifi- 
cations. 

Table IV gives the relative penetrabilities of artificial soil, sand and clay 
under conditions of similar water content, i.e. air dried. 

Table IV. Relative penetrabilities of sand, artificial soil and clay 


{air dried and sifted) (2 divisions = 

1 cm.). 

Medium sand 

Artificial soil 

Clay 

div. 

div. 

div. 

6-24 

4-59 

3-48 

6*10 

4-25 

3-43 

609 

4* 12 

3*33 

603 

406 

3-32 

6-01 

403 

3-30 

5*94 

402 

3*27 

5-92 

400 

313 

6-83 

3'99 

311 

6-78 

3*99 

311 

6-40 

3-95 

309 

Mean 5-93 

4- 10 

3-26 

Or 1 

0-69 

0-55 


Only averages of each sample are shown in Table IV, which shows quite 
clearly the difference in the penetrability of these soils. If the penetrability 
of sand be expressed by unity then the penetrabilities of artificial soil and 
clay can be expressed as 0*69 and 0-55 respectively, or in other words if we 
are considering the same species of plants growing on these soils the root 
should encounter nearly twice as much resistance from clay and about one 
and a half times as much resistance from artificial soil as compared with 
sand. Knowing as we do that sand has the largest individual particles and 
clay the smallest, the interspaces enclosed by the sand are also much larger 
as compared with clay. Under the force of penetrating roots the particles of 
sand nearest to the root will be easily displaced and allow easier passage to 
the root and consequently less expenditure of energy as contrasted with clay. 
Besides there not being much room for displacement of the particles in clay 
the frictional resistance will soon become significant and may make it ex- 
tremely difficult for the root to make its way by displacing the particles. 
Plants grown in sand and clay show remarkable differences in the lengths of 
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roots. Even those plants which are grown in the same soil but of different 
texture as sand and silt show differences in root growth. Experiments of 
Hall, Brenchley and Underwood ( 5 ) with lupins are of special interest in this 
connection. They recorded a larger root development in materials such as 
coarse sand and kaolin than in fine sand and silt. Considering the differences 
in the penetrabilities of different soils and of the same soil under different 
compressions (to be studied below) it seems reasonable to infer the great 
importance of density of soil on the development of root systems. 

The penetrabilities of the selected soil are given in Table V under different 
mechanical compressions. Twenty different samples were taken in each case 
and ten readings taken of each sample. 


Table V. Penetrabilities. Garden soil, air dried and sifted. 


Compressed 

A 

Intermediate 


Loose 

A 

Density 

Penetrability 

Density 

Penetrability 

r " 

Density 

A 

Penetrability 

i:^2 

2-86 

1-24 

314 

1-22 

3*99 

1-32 

2-68 

1-24 

3-38 

1-21 

4-20 

1-31 

2-92 

1-24 

310 

1*21 

394 

1-28 

2-82 

1-24 

3-40 

1-20 

416 

1-28 

2-76 

1-23 

3-38 

1*20 

4-29 

1*28 

2-81 

1*23 

314 

1-20 

419 

1-27 

2-78 

1-22 

318 

M9 

4- 13 

1-27 

308 

1-22 

3-26 

M8 

4-41 

1-27 

2-94 

1-22 

296 

M8 

3'98 

1-27 

2-86 

1*21 

302 

M8 

4-41 

1-27 

3*08 

1-21 

3-54 

1-18 

411 

1-26 

2-82 

1-21 

3-36 

M8 

4-30 

1-26 

2-78 

1-21 

318 

M7 

3-96 

1-24 

2*98 

1-21 

312 

M7 

403 

1-24 

300 

1-20 

:i-86 

117 

4-89 

1*23 

2-78 

1-20 

2-92 

M7 

412 

1-22 

2-96 

1-20 

3-46 

117 

400 

1*22 

2-90 

119 

3-44 

M7 

4 34 

1-21 

318 

M9 

3-62 

M7 

4-27 

1-21 

316 

M6 

4-26 

M6 

4-91 

3Iean 1-26 

2-92 

1-21 

3 12 

M8 

4-23 


The table shows the means of all the samples which are: for compressed 
soil 2-92, for intermediate soil 3- 12 and for loose soil 4*23 ; also the corresponding 
densities which are 1-26 for compressed soil, 1*21 for intermediate soil and 
1*18 for loose soil. To put the results in a more convenient form we would 
refer to the penetrabilities of loose, intermediate and compressed soils as 
100 : 77*5 : 69*0 and corresponding densities as 100 : 102-5 : 106-7. The part 
played by frictional resistance between individual particles as they are brought 
closer together in offering resistance to penetrability will be clear. When the 
density is increased from 100 to 102-5 the penetrability decreases from 100 to 
77-5, but if the density is further increased to 106-7, the penetrability is only 
reduced to 69-0. Thus the resistance encountered by the roots in pushing 
through a soil will not be one of direct proportion as the density is increased 
or the pore space reduced. The degree of penetration will depend upon the 
capacity of the root or any other foreign object to pack the particles more 
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tightly in its vicinity. As the particles are brought closer together the 
frictional resistance between the particles will increase, and might become 
so great at a certain stage as to prevent any further displacement, thus 
checking the penetration of the root into the soil. 

The penetrabilities of the experimental soil under air-dried conditions have 
already been given in Table V. In Table VI are given the penetrabilities of 
similar soil at three different water contents. 

Table VI. Penetrability of experimental soil under different water contents 


(2 divisions = 1 cm.). 

Water oontontti ... 29-7 % 16*4 % 707 % 

div. div. div. 

8-4 6-3 5 1 

8-3 6-2 5 0 

8-2 61 4-9 

81 61 4-9 

7-9 60 4-8 

7-8 • 5-9 4-7 

7-8 6-7 4-6 

7-7 6-5 4-6 

7-3 6-2 4-6 

71 5-2 4-5 

Moan 7-8 6-8 4-7 


The averages of ten readings taken on each of the ten samples are given 
in Table VI. The table shows how the penetrability increases or resistance 
from the soil decreases with the increasing moisture content. By decreasing 
the moisture content from 29*7 to 16-4 per cent, the penetrability falls from 
7-8 to 6-8, and by decreasing the moisture content from 16*4 to 7*07 per cent, 
the penetrability further falls from 5-8 to 4-7, In Table V we had occasion to 
notice the penetrability of air-dried soil to be 4*23, so that my results suggest 
a very clear correlation between the penetrability of soil or resistance from 
the soil and moisture content. 

In a recently published book, The Physical Properties of the Soil, Keen (8) 
observes that no definite correlation has been established between soil re- 
sistance and moisture content in experiments with the dynamometer at 
Rothamsted, My observations as outlined above and in the field have con- 
vinced me that a very significant correlation exists between penetrability and 
moisture content. The fact that in ploughing the soil is raised by the plough 
iron towards the free upper surface whereas in penetrability determinations 
the soil is supported on all sides may well account for the divergence of the 
results. 

The correlation between water content and penetrability may well be due 
to a lubricating effect of the water when the soil particles are more tightly 
packed by the penetrating root. 
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(e) Culture experiments — beans. 

Three series of pots were prepared. The pots in each series contained equal 
amounts of sifted soil compressed to an equal degree. In one set the soil was 
compressed, in the second set the soil was compressed slightly and the third 
contained soil which was not compressed at all. Equal number of bean seeds 
{Vida f aba) were put in each pot and covered with an equal amount of the 
same artificial soil. The pots were affected equally by daily changes of light 
and temperature, and were given equal amounts of just sufficient water from 
day to day. In complying with these conditions it will be seen that the seeds 
in the pots were sown in the soils of the same physical and chemical characters 
with only the differences consequent upon the differing densities of the soils, 
the chief differences due to density being mechanical resistance to root pene- 
tration, increased resistance to flow of water, lowering of water capacity and 
diminished aeration. 


Table VIL Germination of seeds. 


Culture 

Soil 

Seeds 

Seeds 

ger- 

% of ger- 
minated 

No. of seed- 
lings dying 
after ger- 

Apparent 
cause of 
mortality 
after ger- 

No. 

planted 

minated 

seeds 

mination 

mination 

I. 4 seeds in 

Loose 

12 

11 

91-6 

None 



each pot 

Intermediate 

12 

12 

100 

1 

Soil 


Compressed 

12 

10 

83-3 

None 


II. 3 seeds in 

Loose 

9 

8 

88-8 

None 


each pot 

Intermediate 

9 

8 

88-8 

None 




Compressed 

9 

7 

77-7 

2 

Soil 

III. Single seed in 

Loose 

2 

2 

100 

None 



each pot 

Intermediate 

2 

2 

100 

None 




Compressed 

2 

1 

50 

None 

— 

ly. Single seed in 

Loose 

3 

3 

100 

None 



each pot 

Intermediate 

3 

3 

100 

1 

Fungus 


Compressed 

3 

3 

100 

V 

Soil 

V. Single seed in 

Loose 

3 

3 

100 

1 

Fungus 

each pot 

Intermediate 

3 

3 

100 

None 



Compressed 

3 

3 

100 

1 

Soil 

In due course 

the seeds began to germinate. 

The time taken by the seeds 


to germinate was very irregular. Sometimes the seeds germinated first in the 
loose soil, while at other times in compressed or intermediate soils. But the 
percentage of seeds germinating was different in different series, as also the 
number of plants obtained from the successful seeds, for some died soon after 
germination. The schedule of the germination of seeds is given in Table VII. It 
will be seen that the percentage of seeds germinating in the first three cultures 
is the lowest in the compressed soils, being 83-3, 77-7 and 50 per cent., as against 
91*6, 88*8 and 100 per cent, in loose and 100, 88*8 and 100 per cent, in the 
intermediate pots. Whether this variation in the germination of seeds is due 
to unequal air contained in the pore space consequent on mechanical com- 
pression or the density of soil has any direct effect cannot be accounted for 
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at present. To me it seems that this variation is not due to differences in 
aeration, as intermediate pots show better results as compared with the loose 
pots in all the cultures. Taking all cultures together 93-1 per cent, germinated 
in loose soils and 82-7 per cent, in the compressed soils, but it is doubtful 
whether this difference can be regarded as significant although it suggests 
that compression may reduce the percentage of germination. 

The direct effect of the density of soil is better seen on seeds which have 
already germinated. When the radicle grows it naturally must penetrate 
through the substratum to discharge the future functions of the root to which 
it will give rise. But it is prevented in some cases, as actually observed by 
the hardness of the substratum. It was observed in cultures IV and V that 
the radicle attained a length of 5-6 cm., gave out rootlets, wandered on the 
surface of the soil and withered when it could not push through the soil in 
the case of compressed sets. Similar conditions were found in cultures I and II. 
One plant in intermediate soil (culture IV) and one in loose soil (culture V) 
were attacked by fungus which could be easily detected. In cultures IV and V 
which were carried out in 1931 it was observed that seeds were actually lifted 
2 or 3 cm. above the soil in compressed and intermediate soils, while the radicle 
was struggling hard to push through the substratum. 

The length of the shoot was measured from day to day, total growth being 
plotted against the number of days. The accompanying Graph 1, in so far as 
the rate of growth is concerned, shows no appreciable differences, but when 
the plants were cut the tops showed interesting results. 

The mean height in culture I for loose soils was 35’Ocm., for intermediate 
soils 38-7 cm., and for compressed soils 28-9 cm. In Culture II the mean height 
for loose soils was 39-0 cm., for intermediate soils 31-5 cm., and for compressed 
soils 37*2 cm. Finally in culture IV the mean height for loose soils was 33*5 cm., 
for intermediate soils 27*3 cm. and for compressed soils 33*3 cm. The range 
for all the cultures was for compressed soils 19*8 -48*(> cm., for intermediate 
soils 19-0-44*1 cm. and for loose soils 22*4-52*2 cm. These have been shown in 
Graph 3. 

If the results of separate cultures are now compared it will be seen that 
sometimes the tops show a better growth in compressed and intermediate 
soils, at other times in loose soils. The results on the whole tend to indicate 
a greater dispersion in the loose and compressed soils. But the important 
point that these cultures appear to have revealed is that there is no significant 
difference in the growth in height of plants rooted in compressed and loose soils. 

If we now turn to examine the area of assimilatory organs of the plants 
in different grades of the same soil we find that the leaves also exhibit no 
marked and constant differences. The total assimilatory area in different 
cultures for loose soils was 48*51, 39-67, 26-45 and 26*73 sq. cm., for inter- 
mediate soils 29-21, 28*24, 27-32 and 19-67 sq. cm., and for compressed soils 
36*01, 32-08 and 22*66 sq. cm. The tables giving the area of each leaf of plants 
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in cultures III and IV have been omitted, as they would occupy much \m- 
neoessary space; however, the dispersion in the area of leaves on different 
soils is shown in Graph 2, which gives only the lower and upper limits on 
each soil. They are for compressed soil l-62-9'02 sq. cm., for intermediate soiJ 
l*68-9’64 sq. cm., and for loose soil 1-24-13-29 sq. cm. It would then appear 
that so far as powers of assimilation are concerned, and in so far as lack of 
aeration in the soil may be compensated by leaf area, the plants in the three 
densities of soils are more or less equally conditioned. 

The underground organs on examination offer a striking contrast to the 
comparative similarity of development of the aerial organs already noted. 
Not only a difference in size and length of the roots but interesting differences 
in the form and distribution of the underground organs are quite noticeable. 

Loose 


Intermediate 


Compressed 


1 1 1 1 1 1 I I I I I I 1 I L 

0 1 2 3 4 5 6 7 a. 9 10 n 12 13 14 

Area in sq. cm. 

Graph 2. Area of assimilatory organs (beans). Cultures 111 and IV. (Showing range.) 

In general the roots in the compressed soils tend to take a superficial and 
shallow distribution with the laterals arising from the main root in a confused 
order, appearing like a tangled mass, as contrasted with those in the loose 
soils in which the main root is very long and gives out laterals on both sides 
in regular order. The radicle stops short in compressed soils, not growing more 
than 3 or 4 cm. The main root in this case has also been observed to divide. 
This check in the elongation of the main root is, to all appearance, the result 
of the considerable resistance exercised by the soil on the imderground organs. 
The morphological features of the underground organs are considered in detail 
below. The mean lengths of the main roots in various cultures for loose soils 
are 42-6, 34*1, 22*2, 22*1, 21'2, 18-1 and 17-4 cm., for intermediate soils 22-4, 
21*0, 17*6, 14*9, 12'4, 7*7 and 2*1 cm., and for compressed soils 11-6, 6-3, 5-2, 
2'4, 2*2 and 1*8 cm. It will be seen from Graph 3 that in contrast with the 
tops the roots show a much wider range in lengths. The range in the lengths 
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of roots in all the cultures on compressed soil was l'8-14-9 cm., on inter- 
mediate soil 2'l-22-4 cm., and on loose soil 12-4-42'5 cm. (Graph 3). The 
lengths of the main root in loose soils can thus attain from about ten to twenty 
times the length of those in the compressed soils. 

The mean thicknesses or diameters of roots in cultures I and II in loose soils 
were l-Ol and 1-06 mm., in intermediate soils M8 and 1‘33 mm., and in 
compressed soils 1-28 and 1"37 mm. In cultures III and IV the mean diameters 
for loose soils were 2-0, 2*0, 2-6 and 2*5 mm., for intermediate soils 3*4, 6‘0, 
1*9 and 2*0 mm., and for compressed soils 4-9, 4*6 and 4*5 mm. The same is 

ROOTS TOPS 


Compressed 


liiterinediate 


Loose 


1 I I 1 I i 1 I I 1 1 

5 10 15 20 25 30 35 40 45 50 55 

Length in cm. 

Gkaph 3. Lengths of tops and roots (beans). Cultures I-IV. (Showing range.) 

true of laterals. So that the data given above with regard to the thickness 
of roots, based on hundreds of measurements in each case, clearly show that 
roots are thicker in compressed soils than in loose soils. There was a copious 
development of root hairs on the roots in all the soils of different densities. 

It is generally known that plants grown in badly aerated soils tend to lack 
root hairs. Also no traces of any kind of aerating tissue which might go to 
suggest the influence of differential aeration were found in the anatomy of 
the root. Thus there were no obvious morphological or anatomical signs of 
deficient aeration in the compressed soils. 

A correlation between the robustness of rhizomes and the depth of their 
occurrence has already been recognised by^ Salisbury (( 11 ), p. 366). 
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The dry weights of tops and roots on examination jdeld the following 
results. In the first two cultures the averages of the dry weights of tops are 
given, but in cultures III and IV the dry weights of single shoots only are 
given. 

In culture I the dry weight of shoots for compressed soils is 0-395 gm., 
for intermediate soils 0-478 gm., and for loose soils 0-478 gm.; in culture II 
for compressed soils 0-382 gm., for intermediate soils 0*392 gm., for loose soils 
0*407 gm. ; and the dry weights of shoots are 0-54, 0-72 and 0*52 gm. for 
compressed soils, 0-51, 0-53 and 0*47 gm. for intermediate soils, and 9-55, 0-62 
and 0-63 gm. for loose soils in cultures III and IV. 

ROOTS TOPS 


Loose 


Intermediate 


Compressed 


I L 

0 -1 


_J 1 1 ^ I L 

•2 -3 -4 -5 -6 

Dry weight in gm. 


-I I 

•7 -8 


Graph 4. Dry weight of tops and roots (beans). Cultures I-IV. (Showing range.) 


The mean dry weights of roots are : 

Compressed soil 
gm. 

Culture II 0*127 

Culture III 0*20 

Culture IV 0*11 


Intermediate soil 
gm. 

0175 

0-20 

0085 


Loose soil 


gm. 

0*065 

0*15 

0*105 


The range of dry weights of tops is for compressed soils 0* 382-0* 72 gm., 
for intermediate soils 0*392-0*53 gm., and for loose soils 0*407-0*63 gm. The 
range of dry weights of roots for compressed soils is 0*04-0*25 gm., for inter- 
mediate soils is 0*07-0*23 gm. and for loose soils is 0*02-0*15 gm., and these 
have been shown in Graph 4. So far as these meagre data can be relied on 
they indicate no significant differences in the dry weights of tops of plants 
grown under the three sets of conditions, but the dry weights of roots would 
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appear to tend to increase with increasing compression. Thus though the root 
systems in the compressed soil occupy a smaller volume of soil this volume 
is more completely exploited. 

In the culture experiments summarised above, the soil as we have seen 
was compressed in pots artificially to vary the density of the soil by bringing 
together the individual particles. In doing so we were not only increasing 
the density but also reducing the pore space enclosed by the particles and 
consequently the amount of water, air and oxygen available for roots. Not 
only are we varying the amount of water and air in the pore space, but the 
rate of diffusion of COj from the soil into the air and of oxygen from the 
atmosphere to the soil will also be effected (Buckingham (2)). 

Diffusion depends mainly on the total pore space and not to any great 
extent on the dimensions of the individual pores. This fact will help us in 
settling the question of differential aeration in our pots, as all the direct 
evidence which could have been forthcoming by waterlogging the cultures to 
equalise aeration with Vida faha proved negative, since all the cultures failed 
completely. Waterlogged cultures were carried out with Phaseolus muUiflorus, 
Helianthus annum and Vida faha, but all failed. In neither case did the seeds 
germinate nor the germinated seeds proceed further when transferred to water- 
logged pots. 


(/) Culture experiments — oats. 

Another series of culture experiments was started with Avena saliva. Oats, 
as Cannon (3) points out, are markedly tolerant of bad aeration. The soil as 
before was used in three grades, i.e. compressed, intermediate and loose, and 
the pots were exposed to similar conditions of light and temperature. As the 
percentage of germinating seeds is rather low in grasses, a number of seeds 
were put in each pot, and when the seeds germinated, the plants were thinned 
out so that equal numbers remained in each pot. 

Two series of culture experiments were carried out with oats, and a third 
series was started in which the soil was maintained in waterlogged condition, 
all other conditions being the same. In due course the plants were ready for 
further examination and morphological studies. 

(i) Ordinary cultures. 

On cutting, the mean heights of tops were found to be 62-6 cm. for 
loose soils, 51-8 cm. for intermediate soils, and 41*2 cm. for compressed soils 
(culture I). The mean heights of tops in culture II were 22*3 cm. for loose soils, 
19*3 cm. for intermediate soils, and 18’9 cm. for compressed soils. 

The mean length of roots in cultures I and II were 16-3 and 11*6 cm. for 
loose soils, 16-7 and 7*1 cm. for intermediate soils, and 9-9 and 6-9 cm. for com- 
pressed soils. The mean diameter of roots being 3-4 div. for loose soils (6‘8 
div. = 1 mm.), 3-8 div. for intermediate soils, and 4*4 div. for compressed soils 
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(culture I). Very similar results were obtained from culture II. The diameter 
or thickness of roots clearly suggests that the roots were thicker generally in 
compressed soils as compared with loose soils. 

The mean dry weights of tops were 0-350 gm. for loose soils, 0-350 gm. for 
intermediate soils, and 0-218 gm. for compressed soils (culture I), 0-018 gm. 
for loose soils, 0-012 gm. for intermediate soils, and 0-016 gm. for compressed 
soils (culture II). These dry weights indicate that the plants in all the three 
sets were almost equally conditioned. 

Finally the mean dry weight of roots were 0-008 gm. for loose soils, 
0*011 gm. for intermediate soils, and 0*012 gm. for compressed soils. A ten- 
dency in the dry weights of roots to rise from loose soil to compressed soil is 
very clear. 


( i i ) W aterlogged cultures . 

Now we will consider the waterlogged cultures in which the differential 
aeration was eliminated and only the density of the soil allowed to act. 

The mean height of tops was 20-6 cm. for compressed soils, 31-9 cm. for 
intermediate soils, and 20*85 cm. for loose soils. The same relation is true of 
the root systems, the means in this case being 3*35 cm. for compressed soils, 
4*15 cm. for intermediate soils, and 3-86 cm. for loose soils. Finally, the mean 
dry weight of tops was 0*05 gm. for compressed soils, 0*122 gm. for inter- 
mediate soils, and 0*08 gm. for loose soils, and for the roots 0*006 gm. for 
compressed soils, 0*01 gm. for intermediate soils, and 0-01 gm. for loose soils. 

If these results are compared with those obtained in cultures which were 
not waterlogged, it will be seen that the results conform in both cases very 
strikingly. The results of culture I, already quoted, are reproduced below. 


State of 8oil 
Loose 

Intermediate 

Compressed 


Oats, culture /, not waterlogged. 

Length of top® Length of roots 
cm. cm. 

52-5 15-3 

51-8 15-7 

41-2 9*9 


Dry weight 
of top® 

()- 35 () 

0-35 

0-218 


In cultures I and II the oats were subjected to the influence of two varying 
factors in the soil, the density of the soil and unequal aeration. In the water- 
logged culture the second factor was equalised, and only the density of soil 
was variable, still the results are similar in the normal culture I and in the 
waterlogged culture. We therefore appear justified in attributing to the 
density of soil alone the results obtained above. 

The mechanical resistance to be overcome by the roots in penetrating the 
denser soil involves the expenditure of increased energy which is reflected in 
the smaller root system. This results in a reduced absorbing surface and a 
smaller volume of soil exploited, thus reacting on the growth of the plant 
which, as we find, is less in the compressed soils. The diminished growth in the 
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loose soil which is seen alike in the normal and waterlogged cultures, though 
more marked in the latter, is perhaps to be attributed to a less intimate 
contact between root and soil particles and is indicative of an optimum degree 
of packing of the soil particles when there is a balance between the adverse 
mechanical resistance of increasing density and beneficial effects of intimate 
contact. 


Table VIII. Waterlogged cultures (oats). 

Height of tops Length of roots 

A A 


f — ■ 

CompresBed 

A 

Intermediate 

Loose 

Compressed 

A 

Intermediate 



Loose 

soil 

soil 

soil 

soil 

soil 

soil 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

230 

340 

33*5 

4*2 

6*8 

5*3 

22*5 

33*7 

26*0 

4*2 

5-6 

4*2 

18-8 

300 

14*7 

2*8 

2*9 

1*5 

18-2 

29*8 

10*2 

2-2 

2*3 



Moan 20*6 

31*9 

20-85 

3*35 

4-15 

3*66 

Dry weight of tops 

A 


Dry weight of roots 


Compressed 

Intermediate 

Loose 

Compressed 

Intermediate 

Loose 

soil 

soil 

soil 

soil 

soil 

soil 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

007 

0*14 

0*12 

001 

0*01 

0-01 

005 

0*14 

0*09 

0-00 

O-Ol 

0-01 

005 

0*11 

0*06 

0-01 

0*01 



0*03 

0*10 

0*05 






Mean 0*06 

0*122 

0*08 

0*006 

0*01 

0*01 


Having studied the cultures both with Vida faba and Avena sativa, we 
are in a much better position now to discuss the real importance of the 
mechanical factor of the soil as determined by its texture on growth of plants. 
Waterlogged cultures having failed completely in the case of beans the con- 
stantly varying factor — the differential aeration — could not be eliminated, 
and we are faced with the argument as to whether the results obtained might 
not be the effect of the differential aeration. In fact some results obtained 
in my experiments point very strongly in the direction of differential aeration 
as plajdng an important part. Superficial disposition and shorter lengths of 
the root systems, observed in the denser soils, are common to both defective 
aeration and increased resistance. 

It is generally understood that increased resistance from the soil involving 
a reduced pore space means checking of proper diffusion of gases and thus 
causing bad aeration in the soil. It has been pointed out previously that 
diffusion of gases does not merely depend upon the dimensions of the individual 
pores. 

As the waterlogged cultures with oats showed similar morphological differ- 
ences to those in the normal cultures, the effects may be attributed to the 
resistance of the soil. With respect to the bean cultures, neither in the rate of 
growth, nor in the height of shoots, nor indeed in the area of the assimilatory 
organs do we find any significant differences in the plants growing in the three 
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grades of the same soil. No unhealthy symptoms are exhibited by plants in 
any of the sofls, and they keep pace remarkably with one another in the three 
soils. Differential aeration in the pots might be expected to bring about 
differences in all or any of the factors considered above. The dry weights, 
indicating as they do the metabolic activities of the plants during their life 
times, show us that there has been no lowering of those activities in any of 
the plants by compressing the soils mechanically and thus causing differential 
aeration. From such data as we have it would appear that plants in the 
different soils were equally conditioned as regards metabolic activities. 

The underground organs, which would be the first to be affected by 
differential aeration, provide us with further evidence for the relative unim- 
portance of this factor in producing the differences noted. The roots are 
superficial and generally thicker, with laterals arising from thfe main root just 
below the beginning of the shoot in the denser soils and not arranged in regular 
order on either side of the long main root as in loose soil. The length of the 
main root is of particular interest; whereas, in loose soils, it can attain a 
length of 42 cm., in denser soils it can grow only 2 or 3 cm. The superficial 
character of the root system may be correlated equally with mechanical re- 
sistance and diminished aeration, but the diminished length and increased 
thickness are features unlikely to be influenced by the condition of aeration, 
and indeed an extensive root system might tend to offset the effect of bad 
aeration. 

The dry weights of roots indicate that though they are faced with the 
difficulty of pushing their way through the soil, their activities are not affected 
to any marked degree; on the contrary, they exploit the soil they are in 
contact with more completely, showing a better dry weight in compressed 
soils. A tendency towards increase in dry weight in the roots can hardly be 
expected in badly aerated soils. Development of root hairs and lack of any 
aeration tissue in the root in compressed soil further supply evidence against 
bad aeration. 


{g) Field observations. 

In order to ascertain how far the preceding laboratory results correspond 
with conditions in nature field observations were made in a number of 
localities. Mercurialis perennis was selected for this purpose, as it grows on 
a variety of soils. The length and thickness of the intemodes and the density 
of the soil at the level at which the rhizomes grew were determined. It will 
be seen from Table IX, that the relation between these features is maintained 
to a fair degree. The longest- and thinnest internodes are met with in soils 
which have the highest surface penetrability, the shortest and the thickest 
intemodes were found in clay which had the lowest surface penetrability. 

The correlation of the robustness of rhizomes with the depth of their 
occurrence as recognised by Salisbury (9), and my results with beans and oats 
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and M. perennis rhizomes found in soils of diflEerent texture, leave no doubt 
as to the importance of the texture of the soil on the imderground organs. 
The modification of the underground organs in response to the texture of the 
soil has obvious advantages for the plant in the way of overcoming the 
resistance. 

Table IX. Relationship between internodes of Mercurialis perennis 
and surface penetrability. 

Mean length of internodes Thi(?kness of iat«^ruodes 
surface in cm. in mm. 


penetra- 


Locality and soil 

bility 

Min. 

Mean 

Max. 

Min. 

Mean 

Max, 

Brioket Wood (clay) 

307 

1*7 

617 

140 

1-2 

205 

4-2 

Oxted (clay) 

403 

0-9 

505 

17-2 

10 

1-90 

30 

Orpington (clay with Hand) 
Woldmgham II (chalk) 

4-2 

3-5 

7-8 

18-4 

1*5 

20 

30 

4-8 

4*8 

10-5 

240 

10 

1*8 

2-8 

Woldingham I (chalk) 

6*06 

3*2 

8-6 

21-6 

1-3 

2*0 

3*0 


Lastly, it was attempted to get some idea of penetrability of soils in nature 
at different depths (Tables X and XI), and to find out any relation between 
moisture content in the soil and penetrability (Table X). Special tins were 
required to take out a profile of soil from the field. The tins used were about 
double the size of the ordinary 2-oz. tobacco tins, pierced with three or four 
rows of holes, big enough to allow the penetrability apparatus rod free play. 
Each row contained five holes at equal distances. These tins were pressed 
into the field, and then taken out. It will be seen that the soil was supported 
on all sides as in nature, and penetrability determined, without in the least 
disturbing the soil, by placing the tins in a horizontal position under the 
apparatus. 

In Tables X and XI are shown the results from three different localities, 
i.e. clay from Oxted, chalk from Woldingham and clay with sand from 
Orpington. It is very clear from both the tables that the penetrabilities 
decrease, as the density increases, accompanying the increasing depth and 
varies directly with the moisture content of the soil. When we consider the 
penetrability with natural water content (Woldingham set I) we find that it 
drops rapidly from the surface to the sub-surface, i.e. 6-06 to 4-14 and then 
for subsequent layers falls gradually, i.e. 4*14 to 3*0 and 3-0 to 2-9. The same 
is true of other localities. But in the Orpington samples this rule is departed 
from, as the carpet of humus was not of any noticeable thickness and the soil 
was remarkably homogeneous as compared with the calcareous soils where 
lumps of chalk and stones were frequently met with. The importance of 
organic material and moisture content of the field cannot be therefore over- 
emphasised in being instrumental in affecting penetrability. In the Orpington 
samples the effect of the sand with the clay is also very apparent. It shows 
a low maximum water capacity of 45-7 per cent, as compared with pure clay 
of 59*5 per cent, and chalk of 74*0 per cent, on the one hand and exhibits 
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an increased penetrability as compared with these soils on the other 
(Table X). 

Table X. Penetrability. 


Chalk, Woldingham 


Depth 

cm. 

Clay, Oxtecl 

A 


Set 1 



Iset II 


Clay with sand, 
Orpington 

A 

^3% 59-5% 

4M % 

52'3 0/' 

74-0% 

33*5% 

45«fi % 

09-8 % 

b-3% 32-1% 

1-6 

2-8 4*2 

4-1 

G'Ot) 

— 

30 

4-8 

0-0 

2-0 4'2 7-9 

30 

1-3 2-8 

32 

4-14 

tiO 

2-5 

3*2 

4-3 

1-9 34 5-5 

50 

0-9 21 

2-1 

300 

5-7 

1-4 

2-5 

3-2 

l-O 2-rt 56 

(>■5 

— 2*2 

1-4 

2-90 

4-9 

— 

21 

2-5 

1 

6 


Table XL Relation of penetrability to depth of soil and moisture content 


Depth 

cm. 


Bricket Wood, Radlett. 


Sample I 
40-9 % 49-4 % 


Sample II a 

23^ 5^r% 


Sample 11 ^ Sample 111 
43-0 % ()2-9 % 44-5 % 504) % 


Sample IV' 
45-3'% 48-3 % 


Sample V 
(chalk) 

40-9 % 63*7 % 


1-1-5 

2-9 

2-3 

4-3 

8-0 

41 

3-5 

2-8 34 

) 2-4 

2-3 

4*4 

4-0 

3-B-5 

31 

4*3 

J-7 

3-9 

1-2 

2*7 

1-7 31 

10 

2-8 

30 

4-0 

5^-5 

2-9 

3-9 

0-55 

2-8 

10 

2-3 

10 2f 

) 0*55 

1-8 

2-9 

5-0 

7-7-5 

21 

2-3 

0-6 

— 

— 

— 

1-5 1-fl 

' 0-8 

20 

3-3 

7-5 

9-0 

1-6 

1-7 

— 

— 

— 

— 

1-0 l(i 

; -- 

4-4 

— 

— 


Spark Estate, Ox ted. 


Sample II Sample IV Sample V’ 


Depth 

Sample 1 


A 

()()-5 % 

Sample III 

f 


, A ^ 

S-ample V'l 

cm. 

55-1 % 

53-7 % 

59-9% 

41-08 % 

55-3 *>0 

44-3 % 58-8 % 

01 ’8% 

1-1-5 

4-1 

2-7 • 

3-7 

5-7 

2-2 

3-7 

3-(> 3-9 

4-1 

3-3-5 

2-5 

1-0 

2-9 

3-2 

1-0 

1-7 

1-3 3-ti 

2-4 

5-5-5 

2-0 

1-4 

2-2 

1-9 

0-8 

1-9 

0-5 2-4 

1-9 

7-7-5 

2-4 

1-1 

2-5 

1-9 

— 

— 

— — 

1-9 


From the two sets collected from Woldingham the first gives an average 
field water content of 52-3 per cent, with surface penetrability of 6-06, while 
the second gives an average field water content of 45-6 per cent, with 4-8 as 
surface penetrability. The first set was collected after a shower, and it will 
be seen how the penetrability is affected by moisture, dropping from 6-06 to 
4*8 when the natural field water content changed from 52'3 to 46-6 per cent. 

No clearer relationship between penetrability and water content can be 
found than in the samples from Woldingham and Orpington. Set I from 
Woldingham shows that when the field water content of 52*3 per cent, is 
lowered to 41-1 per cent, the surface penetrability falls from 6-06 to 4’1, and 
when the water content was raised to 74'0 per cent, the soil had become so 
soft that the rod of the penetrability apparatus went right through. 

Set II gives the same results: when the field water content of 46*6 per cent, 
is lowered to 33-6 per cent, the penetrability is lowered from 4*8 to 3-0 and 
when the water content is raised to 69-8 per cent, the penetrability increases 
from 4’8 to 6-0. 

Orpington samples finally show that on lowering the field water content 
32*1 to 23"3 per cent, the penetrability falls from 4*2 to 2*6, and on raising 
the water content to 46-7 per cent, the penetrability rises to 7'9. 
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^ { h ) Summary. 

^xhe physical properties of soil under artificial compression have been 
studied. Quantitative determinations are furnished of the effect of artificial 
compression on water capacity, resistance to flow of water, absorption of 
water, pore space and penetrability. 

Culture experiments with beans and oats have been carried out with a 
view to finding out the direct effect of the density of the soil on growth of 
these species. The results in general show that with regard to height of tops 
and area of assimilatory organs the plants in both cases are more or less 
equally conditioned, i.e. density of soil has little effect on them, but as regards 
the underground organs they are markedly modified, resulting in smaller and 
stronger root systems in denser soils. While the dry weight of tops shows no 
marked differences, the dry weight of roots in denser soils tends to indicate that 
though the root systems are smaller, the soil has been more completely exploited. 

Experiments with waterlogged cultures in beans failed, but with oats 
similar results were obtained as with compressed soils without waterlogging; 
thus the differences observed between growth in compressed and uncom- 
pressed soils can be attributed to the soil texture, and not to the result of 
diminished aeration. Presence of root hairs and absence of any aerating tissue 
in the root are further evidence that no important part is played by differential 
aeration in this connection consequent on compressing the soil. 

Lastly, an attempt has been made to evaluate the relation under natural 
cnoditions between the internodes of rhizomes of Mercurialis perennis and 
texture of the soil on which it grows. The results show that internodes in clay 
are smaller and thicker in comparison with those in chalk, where they are 
long and thin. 

Data respecting the penetrability of the soil at successive levels in the 
natural plant communities have been obtained and the relation to water 
content determined. The penetrability in general tends to decrease with 
increase in density which usually accompanies increase in depth from the 
surface. The penetrability also varies directly with the moisture content. 

The data submitted indicate that the mechanical properties of the soil as de- 
termined by its texture are of considerable importance as affecting plant growth. 

In conclusion I am very much indebted to Prof. E. J. Salisbury, who very 
kindly suggested this interesting problem and under whose expert supervision 
and careful direction the entire work was carried out. I cannot adequately 
express my gratefulness to him for suggesting to me various references from 
time to time and putting me on new lines to handle the problem. 

Thanks are due to Mr F. T. Smith, the laboratory assistant, for his ready 
help in providing me with various pieces of apparatus, especially for making 
the penetrability apparatus and tins for soil samples. 
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THE COMPOSITION OF THE SOILS USED IN THE 
POTTERNE TRANSPLANT EXPERIMENTS AND 
OF PORTIONS OF CENT AU RE A AND SILENE 
GROWN THEREON! 

By C. G. T. MORISON, M.A. 

Soil Science Laboratory, University of Oxford. 

The soils used in the experiments were four in number, and may be briefly 
described as a sand and calcareous sand, a clay and a calcareous clay. For 
information as to their origin reference should be made to this Journal, 18 , 
p. 353. The analyses refer to samples of the soils before the plants were grown 
on them. 

The two sands were not precisely similar in their physical composition, w^hile 
the high percentage of calcium carbonate in the calcareous clay makes any 
direct comparison between them difficult. The percentage figures of the two 
calcareous soils are therefore also given after exclusion of the calcium carbonate 
(columns II a and IV a). 

The figures for their physical composition, as shown by their mechanical 
analyses, are given below: 




Calcart^ous 

sand 


Calcareous clay 

Potto me 


Sand 



Clay 



soil 




r 



I 

11 

11 a 

Hi 

IV 

IVrt 

V 

Coarse sand 

80*6 

69-7 

77-0 

2*8 

0-8 

1*7 

21-8 

Fine sand 

8 3 

9-2 

lO-O 

43-2 

16- 1 

330 

55-7 

Silt 

3-9 

4-2 

4*6 

19-5 

6-7 

13-3 

51 

Clay 

64 

5*2 

5-7 

29-9 

16-5 

34-5 

12-7 

I. 1 OSS in solution 

0-5 

2-7 

— 

20 

60-2 

— 

1*6 

Organic matter 

2-6 

15 

— 

3-5 

64 

. — 

34 

(loss on ignition) 
Hygroscopic watcjr 

OC 

0-6 



4*7 

2-9 

— 

2'7 

CaCO., 

Nil 

95 

— 

0 4 

52-2 

— 

0-2 


The figures in columns II a and IVa are ptTcentages of the different physical coni|wnent8 of 
soils II and IV, calculated after omission of CaCOg so as to give a more direct comparison with 
the physical composition of the other soils. 


It will be seen from these figures that the two sands were fairly similar in 
texture, and the texture of the clays is also fairly comparable when the per- 
centages are calculated after exclusion of the calcium carbonate. Similar 
figures for the garden soil at Potterne are also given. The chemical analysis 
which has been carried out so far has been with the object of obtaining some 
information on the status of the four soils as regards plant nutrients, and for 
this purpose the older methods of solution in hydrochloric acid and citric acid 
have been followed. 

^ Addendum to the Report printed on pp. 268-93 of this issue. 
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It is proposed to augment this in later work by determination of the 
exchangeable calcium, and other bases contained in the soil. 



I 

II 

III 

IV 

V 

Nitrogen 

004 

0-02 

0-12 

0-16 

0-13 

PjOg sol. in HCl 

0*12 

0-15 

0-04 

0-16 

0-07 

PjOg sol. in 1 % citric acid 

0-002 

0-007 

0-012 

— 

0-025 

KgO sol. in HCl 

0-09 

0-15 

0-55 

0-16 

0-63 

K,0 sol. in 1 % citric acid 

0-007 

0-034 

0-037 

— 

0-021 


The figures shown above are very much what would be expected from the 
physical texture of the soil. The amounts of nitrogen increase with the increase 
in fineness of the soil, and are in no way abnormal. 

The phosphorus content of the sands is low, but not abnormally so, though 
the amounts sO'luble in citric acid are very low in these two cases. In the two 
clays the phosphorus content of No. Ill is low, while that of No. IV is normal 
and the citric acid-soluble phosphate of No. Ill is very high. Owing to the 
high percentage of calcium carbonate in No. IV, it was not possible to use this 
method. 

The potadh content of Nos. I and II is normal, but the solubility of the 
potash in No. II is high, in No. Ill the total potash is not high but its solubility 
is, while No. IV shows a very low potash content due no doubt again to its high 
percentage of calcium carbonate. Its solubility was not determined for the 
reason already given. The Potterne soil shows a normal content of these plant 
nutrients with the high solubility usually associated with land in a good state 
of cultivation. 

The reaction of these soils was determined by an electrometric method, and 
gave the following results ; 

I II III IV V 

pH 7-3 8-3 7-4 8-0 6-6 

These were determined in the fresh moist soil. It will be observed that none 
of this soil gives an acid soil water suspension except the Potterne garden soil. 

In view of the work which has been done on the change in H+ ion content 
of soil water suspensions, before and after drying parallel determinations were 
made in these soils after air drying. 

I II III IV V 

pH 6-6 7-9 7 1 8 1 5 1 

The figures are interesting, but are not capable of any exact interpretation 
at the present time. It is perhaps surprising that in soils so well buffered as 
Nos. II and IV, so large a change should take place. In view of these changes it 
is considered that it is the r&nge of pH which should be taken as a soil character 
rather than the pH figure in either the wet or the dry state. 

It was not expected to get any more figures which would be of interest from 
an examination of the soil until the experiment had been running for a longer 
time. 
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In two successive years, analyses were made of some of the plant material 
grown. Centaurea nemoralis was chosen for this part of the investigation 
because of the large amount available. In the first year only the leaves were 
examined, and in the second year leaves of Centaurea and roots of Silene 
vulgaris. 

Determination of nitrogen, of total ash content and of calcium, phosphorus, 
and potash in the ash — the figures are given below. 


First collecting year, 

Centaurea leaves (9. x. 1930). 



I 

II 

III 

IV 

V 

Nitrogen 

2 3 

2-2 

22 

21 

2-3 

Total ash 

141 

11*2 

12*8 

12*6 

17-5 

Ca % in ash 

10-6 

10-7 

10-5 

13-6 

8-2 

% in ash 

61 

7-5 

71 

0-9 

5-4 

KjO % in ash 

18*7 

27*9 

26-0 

28*2 

19 8 

Second collecting year, 
Centaurea leaves (28. 

x. 1931). 

1 

11 

III 

IV 

V 

Nitrogen 

2-3 

1-7 

2-3 

20 

2*4 

Total ash 

12-8 

10-8 

12-2 

12-5 

10*3 

Ca % in ash 

0-6 

14-5 

135 

16-5 

11*7 

^^0 in ash 

7-5 

81 

8-5 

7 4 

8C 

KjO % in ash 

20-0 

270 

300 

28*9 

28*1 

Silene roots (28. i. 1932). 

I 

II 

III 

IV 

V 

Nitrogen 

1-9 

1-4 

2-4 

20 

2*5 

Ca % in ash 

12-5 

15*8 

9-8 

19-5 

11*4 

% in ash 

8-9 

12 5 

9*2 

11 3 

11*0 

K,0 % in ash 

21-4 

22-6 

16*9 

21*4 

18*2 


The results obtained from this investigation show the extent to which the 
composition of the plant is affected by its root environment. 

In all the leaves, except those grown on soil II in the second series, the 
nitrogen content of the whole series is practically constant and independent 
of the environment, indicating that, however unsuitable the environment 
might be, the plant required to manufacture a similar quantity of protein. 

The total ash figures are high, but there is no doubt that there was in some 
cases considerable contamination with soil from which it was impossible to free 
the material altogether. It is, however, perhaps significant that in both series 
the highest ash content is shown by the Potterne soil. 

The phosphorus content is lowest in I and IV in both seasons, which is 
probably what would be expected from the low soluble phosphorus content of 
soil No. I and the high calcium carbonate content of soil No. IV. 

The calcium figures show comparatively little variation in the first year, 
though even here the figures are lower for I and III than they are for II and IV. 
In the second year the differences are more marked and soil No. I, due to its 

31-2 
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great porosity and the leaching effect of the annual rainfall, is causing a marked 
calcium deficiency which is not seen in any of the others. Soil No. Ill, owing 
to its finer texture and to the much smaller amount of leaching that can take 
place, still maintains its calcium content very little below that of the plants from 
the calcareous soil. 

Potash is not noticeably deficient, except in soil No. I, which deficiency is 
reflected in the leaves in the first year, though not subsequently. 

The figures for the roots of Silene are not easy to interpret; the nitrogen 
content is low in the case of the two sands and high in the case of the 
other two experimental soils and the Potterne soil. 

The calcium content is low in the soils which contain little of it, and the 
phosphorus is also low in the same soils. The potash figures vary considerably 
for no apparent reason. It would be desirable to repeat these analyses another 
season, if possible with another plant. 

The general conclusion which may be drawn from a consideration of the 
composition of the soil and of the plants is that the soil environment not only 
affects the character of the growing plant but also considerably influences its 
composition. It is certain that a plant growing in a soil poor in certain consti- 
tuents is only able to obtain a small quantity of them, and it may be that it is 
this lack of a specific substance which causes the change in form and general 
appearance. This aspect of the problem must be borne in mind as well as the 
more obvious physical characters of the soil environment which affect water and 
air supply and consequently root development. 

The analyses quoted were carried out by Mr F. Carter, assistant in the Soil 
Science Laboratory, Oxford, to whom my thanks are due. 



REVIEWS 

THE WATER RELATIONS OF PLANTS 

Der Wasserzustand (Hydratur) und seine Bedeutung 
pijR DAS Leben der Pflanze. 

Von H. Walter {Stuttgart) . 

Die Untersuchungen der letzten Jahre haben Verfasser zu einerneuen Anschauunginbezug 
auf den Waeserhaushalt der Pflanze gefuhrt. Eine Zusammenfassung ist in der Abhandlung 
“Die Hydratur der Pflanze und ihre physiologisch-okologische Bedeutung^” gegeben 
worden; um aber die der Bctrachtung zugrunde liegenden ( Jesichtspunkte besser verstehen 
zu konnen, sei hier eine kurze historische Entwicklung der Gedankengange vorausgeschickt. 

Bei Plasmolyseversuchen mit Algen konnte Verfasser im Jahre 1923 feststcllen, dass das 
Volumen des Plasmas nieht konstant bleibt, sondem dass es um so mehr abnimmt, je hoher die 
Konzentration der angrenzenden Losung ist. Durch die osmotische Saugkraft der Losung 
wird also eine Entquellung des Plasmas hervorgerufen. Auf Gnind von exakten Messungen 
konnte gefunden wenlen, dass die Quellungakurve djea lebenden Plastmis in Abhurujigkeit %mn 
der relativen Dampfspannun^ denselben V erlauf zeigt tvie diejenigen toter Quellkbrper (Gelatine, 
Kastun, Nuklcin, Stiirke). Die Quell ungsgesetze haben also allgemeine Gultigkeit auch fiir 
die lebende Substanz. Im Gcgensatz zu der weitverbreiteten Anschauung, dass das Quellungs- 
wasser durch den Quellkorj^er schr fest gebunden ist, zeigt es sich, dass der grosste Toil des 
Wassers sehr leicht abgegeben wird und nur der Rest sich erst durch ausserst hohe Saug- 
krafte entfemen lasst. 

Wenn aber der Quellungszustand des Plasmas stark variabel ist, so ist anzimehmen, dass 
dadurch auch alle Lebensvorgange, die sich doch im Plasma abspielen, davon in starkem 
Masse beeinflusst werden. Das zu priifen, war die niichste Aufgabe, Als Versuchsobjekt/e 
dient€?n 1924 hauptsiichlich Sehiinmelpilze, die man leicht in einer Kammer auf Substrat von 
bestimmter relativer Dampfspannung kultivieren kann. Durch Veranderung der relativen 
Dainpfspannung in der Kammer kaim man auch den Plasmaquellungszustand in den Zellen 
andem. Es zeigte sich, dass die Wachstumsvorgange in starkstem Masse von der Plasma - 
quellung abhiingen, obgleich den Pflanzen absolut gleiche Wassermengen zum Wachstum zur 
Verfiigung standen. Gleichzcitig konnte festgesteflt werden, dass fiir jede Art eine imtere 
Grenze der Plasmaquellung vorhanden ist, bei der die Wachstumsvorgange zum Stillstand 
kommen; sie entspricht einer ganz bestimmten relativen Dampfspannung. Die absolute 
Grenze fiir oktives Leben uberhaupt ist bisher bei einer relativen Dami>fspannung von 
86 % gefunden worden. 

Versucht man nun diese fiir Mikroorganismen giiltigen Ergebnisse auf die hohere Pflanze 
zu hbertragen, so stosst man gleich auf grosste Schwierigkeiten. Bei den Mikroorganismen hat 
der durch die relative Dampfspannung gekennzeichnete Wasserzustand des Aussenmediums 
einen unmittelbaren Einfluss auf den Wasserzustand der Zelie — auf die Plasmaquellung. Bei 

^ Ein mit W. O. J. gezeichnetes Keferat dariiber ist im letzten Heft dieser Zeitschrift er- 
schienen. Leider soheint Referent nioht in geniigendem Masse die deiitsche Sprache zu beherrschen 
und die einschlagige physiologische Literatur uberhaupt nicht zu kennen. Dessungeachtet ist 
das Referat in einem so anmassendem Tone geschrieben, dass wir es ablehnen miissen, auf 
die g&nzlioh haltlosen Einw&nde zu antworten, und dem Referenten zuniichst ein grundlichos 
Studium des Problems empfehlen. 
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der h6heren Pflanze ist das nioht der Fall. Sie wurzelt in einem Medium mit stets sehr hoher 
relative!. Dampfspannung^, wahrend die oberirdischen Teile oft von einer extrem trookenen 
Luft umgeben sind. Aber diese hat keinen immittelbaren Einfluss auf den Wasserzustand der 
Pflanzenzellen, denn die h6here Pflanze besitzt ja in ihrem Inneren eine eigene Atmosph&re 
und die Plasmaquellung wird unmittelbar nur vom Wasserzustand der letzteren beeinflusst. 

Sollen wir nun, um die Wasserverhaltnisse der Pflanze richtig beurteilen zu kcinnen, die 
relative Dampfspannung in d8m InterzeUularensystem bestimmen oder was technisch leichter 
und im Prinzip dasselbe ist — die Saugkraft der Zelle nach Ursprung? Will man die Fahigkeit 
der Zelle, Wasser aufzunehmen, messen, so ist die Saugkraft der Zelle die alleinrichtige 
Bezugsgrdsse. Wir woUen aber nicht die Wasserverschiebung von Zelle zu Zelle untersuchen, 
wir wollen vielmehr den Wasserzustand der lebenden Substanz — die Plasmaquellung — 
bestimmen, und fur diese ist die Saugkraft der Zelle nicht das richtige Mass, vielmehr wird 
sie, wie wir anfangs sahen, durch die osmotische Konzentration der Lbsung bestimmt, an 
welche das Plasma grenzt, d.h. durch die Konzentration des Zellsaftes. 

Diese mehr theoretischen Erorterungen ftihrten schon 1925 und 1926 bei der zusammen- 
fassenden Behandlung des Wasserhaushaltes der Pflanze und des Xerophytenproblems zu 
dem Ergebnis, dass dem osmotischen Wert des Zellsaftes eine zentrale Stelluiig fiir die 
Beurteilung der Wasserverhaltnisse der Pflanze zukommt. Gleichzeitig kann der osmotische 
Wert uns auch als Indikator fiir die Wasserbilanz der Pflanze dienen, wahrend Wasserauf- 
nahme, Wasserleitung und Transpiration jede fiir sich nur Teilvorgange im Wasserhaushalt 
der Pflanze bilden und uns keinen allgemeinen Begriff von den Wasserverhaltnissen der 
Pflanze zu vermitteln vermogen. 

Gewiss sind osmotische Untersuchungen schon seit langem ausgefiihrt worden und 
namentlich von amerlkanischer Seite wurde auch neuerdings immer wieder auf die Bedeutung 
des osmotischen Wertes hingewiesen. Aber stets sah man die Hauptrolle der osmotischen 
KrAfte darin, der Pflanze die Fahigkeit zu verleihen, Wasser aus dem Boden aufzunehmen. 
Eine Erhdhung der Zellsaftkonzentration wurde deshalb als eine zweckmassige Anpassung an 
trockene Standorte gedeutet und sollte fiir die Pflanze niitzlich sein. Wir sU^hen dagegen auf 
einem prinzipiell anderen Standpunkt. Die Erh5hung der Zellsaftkonzentration an trockenen 
Standorten ist nur die Folge einer unausgeglichenen Bilanz, wenn die Pflanze mehr Wasser 
durch Transpiration verliert, als sie aus dem Boden aufnehmen und den Blattem zufiihren 
kann. Und diese Erhohung kann nicht als niitzliche Anpassung betrachtet werden, sondern 
sie ist eher schlkllieh; denn sie muss ja unmittelbar zu einer Entquellung des Plasmas fiihren. 
Die Folge davon ist wiederum, dass der Ablauf aller physiologischen Vorg&nge gestort wird, 
das Wachstum h5rt auf, die COg-Assimilation wird gehemmt. Geht die Entquellung noch 
weiter, so tritt schliesslich der Tod ein. 

Es gait nun die experimentellen Grundlagen als Beweis fiir die Richtigkeit dieser An- 
schauungen zu schaflen. Die Versuche konnten nicht im Laboratorium ausgefiihrt werden, 
vielmehr diente als solches die Natur selbst und damit war der Ubergang von rein physio- 
logischen zu okologischen Untersuchungen gegeben. Nicht schematische Bestimmungen von 
Mittelwerten, nicht die gedankenlose Anhaufung von vielen Zahlenwerten konnten hier zum 
Ziele fiihren, sondem nur vergleichende Untersuchungen des osmotischen Wertes derselben 
Pflanzenarten an mdglichst vielen verschiedenen Standorten, sowie mdglichst kurzfristige 
Probenentnahmen am selben Standort bei verschiedenen Witterungsverh&ltnissen. Die 
Zusammenhange klar herauszuarbeiten, gelang es aber erst, als die VerhAltnisse in den 
verschiedenen Klimazonen von der subtropischen Wiiste bis zur oberen Grenze der Vegeta- 
tion im Hochgebirge untersucht worden waren. 

Es zeigte sich erstens, dass wir die Pflanze selbst als besten Indikator ftir die Wasser- 
verhaltnisse an verschiedenen Standorten oder am selben Standort zu verschiedenen 

‘ Selbst Boden, deren Wassergehalt dem Welkungskoeiflzienten entspricht, besitzen eine 
relative Dampfspannung von uber 99 %. 
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Jahreazeiten heranziehen k6imen, wenn wir ihren osmotischen Wert bestimmen. Zweitens 
Bind die einzelnen Pflanzeii sehr verschieden empfindlich fur Veranderungen in der Aussen- 
welt: ein trockener Standort ist durchauB nicht fiir alle Arten gleich trocken; wahrend bei 
den einen Arten der osmotiaohe Wert sich bereits sehr stark erhoht, reagieren die anderen 
liber haupt noch nicht und zeigen ein sehr grosses osmotisches Beharrungsvermogen. Ebenso 
verschieden sind die Grenzwerte, bei denen die Manzen geschadigt werden. Arten feuchter 
Standorte vertragen cine Erhohung des osmotischen Wertes last gar nicht. Arten trockener 
Standorte k6nnen zuweilen unter giinstigen Wasserverhaltnissen einen osmotischen Wert 
besitzen, der nicht wesentlich h6her ist als bei Hygrophyten; sie vertragen aber bei Trok- 
kenheit ganz enorme Steigerungen, ohne geschadigt zu werden. Sehr klare Beziehungen 
ergeben sich zwischen Wachstumsintensitat und osmotischem Wert, zwischen der mor- 
phologisclien Ausbildung und dem Wasserzustand, imd es scheinen auch Beziehungen 
zur Bliihfahigkeit zu bestehen; doch muss diese Frage erst noch genauer nachgepriift 
werden. 

Wir sehen also, es kommt in der Wasserokologie nicht darauf an, was fiir Wassermengen 
der Pflanze zur Verfiigung stehen oder sie durchstromen ; nicht die Transpirationsintensitat 
Oder die Wasseraufnahme sind direkt von Bedeutung, sondern nur der Wasserzustand der 
Pflanze, als dessenMass uns dieKonzentration des Zellsaftes dienen kann und die wir entweder 
in Atmospharen oder in Prozenten der relativen Dampfspannung ausdriicken. Um diese 
Tatsache zu betonen, wurde fiir den Wasserzustand in der letzten Zusammenfassung (1931) 
die Bezeichnung “ Hydratur ” vorgeschlagen, als deren Mass wir die relative Dampfspannung 
benutzen. Die Hydratur erreicht also ihr Maximum bei einer relativen Dampfspannung 
gleich 1(K), wenn wir z.B. reines Wasser vor uns haben, und sie ist um so starker herabgesetzt, 
je konzentrierter eine Losung, je holier also der osmotische Wert (in Atmospharen ausgedriickt) 
ist. 

Um die Gedankengange etwas anschaulicher zu machen, wiesen wir auf eine gewisso 
Analogic mit den Warmeverhaltnissen bin, die naturlich rein bildlich zu verstehen ist. Wir 
sind ja gewohnt, zwischen Warmemenge (in Kalorien ausgedriickt) und Warmezustand = 
TomjK?ratur (in Graden (Jelsius ausgedriickt) zu unterscheiden. Und der Biologe weiss, dass 
bei seinen Untersuchungen meistens die Temperatur viel wichtiger ist als die Warme- 
menge. Ahnli(di ist es beim Wasser. Wir miissen Bti»eng zwischen Wasser menge (in Gramm 
ausgedriickt) und Wasserzustand ^ Hydratur (in Prozenten der relativen Dampfspaimung 
gemt^ssen) unterscheiden; und auch hier scheint es so zu sein, dass der Wasserzustand 
(xler die Hydratur fiir biologische Vorgange wichtiger ist, als die Bestimmung der 
Wassermenge. 

Als Mass des Wasserzustandes kdnnen wir naturlich auch den osmotischen Wert, resp. 
Saugkraft in Atmosphkrtm benutzen, und man wird sich die Frage vorlegen, oh es zweck- 
mflssig ist, eine neue Bezeichnung (Hydratur) iiberhaupt vorzuschlagen. Wenn wir es taten, 
so war dafiir Folgendes mossgebend. Man spricht immer von der Saugkraft als Eigenschaft 
einea bestimmten Kdriiers, z.B. einer Zelle, einer Ldsimg, des Bodens u.s.w. Uns lag es daran, 
zu betonen, dass das eigentlich nicht ganz richtig ist; denn es handelt sich nicht um die 
Eigenschaft der verschiedenen K6rper (wie es etwa bei der Warme der Fall ist), sondern stets 
um die Eigenschaft des in ihnen enthaltenen Wassers, um den Wasserzustand (Hydratur). 
Im ubrigen ist es naturlich gleichgiiltig, welches Mass und welche Bezeichnung man be- 
vorzugt, wenn man nur die Zusammenh&nge richtig erfasst. 

Wenn wir hier nur auf die Entwicklung der eigenen Gedankengange eingingen und nur 
die eigenen Untersuchungen borticksichtigen, so soil damit keineswegs der Eindruck einer 
Obersch&tzung der eigenen Arbeit hervorgerufen werden. Es geschah nur aus Raummangel 
und um die Entwicklung der wichtigsten Gesichtspunkte klarer herauszuarbeiten. Derm es 
handelt sich um einen ereten Versuch, den Wasserhaushalt der Pflanzen einmal auch von 
einer anderen Seite her zu betrachten, als es gewdhnlich ublich ist. 
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In the Journal of Ecology for February Prof. Walter’s monograph waa criticised on the 
following grounds : 

(1) The conception of “hydrature” is based on an imperfect analogy, involving a con- 
fusion between matter and energy. 

(2) The idea that it seeks to express has already been better defined by Ursprung’s 
“Saugkraft” (familiar in England as “suction force” and “suction pressure”). 

(3) It is hard to believe that equilibrium between the water content of the cytoplasm and 
the vacuole is so rapidly established as the method of measuring “hydrature” requires. No 
consideration is given to this difficulty. 

(4) The ecological results given for particular habitats are often very scanty, and no 
information is supplied enabling one to estimate the reliability of the data. 

It was also ix)inted out that there are rather numerous details open to criticism. 

The author in his summary or “ Autoreferat” written after reading these criticisms says 
that suction pressure is an objectionable term because it is applied to the absorbing body, 
e.g. soil, solutions, etc.; “hydrature” and temperature apply respectively to the water 
and heat contained by the body. Does Prof. Walter then never speak of the temperature of 
the air or soil, or the internal temperature of his plant? And why in this case does he speak 
of the “hydrature” of the soil and of protoplasm? It is, of course, the defects of the analogy 
upon which his terminology is based that leads him into this inconsistency. 

In no other respect does the author make any attempt to meet the objections raised in 
the review. W. O. James. 


DISTRIBUTION OF BRITISH PLANTS 

Salisbury, E. J. The East Amjlian Flora: a study in comparative Plant 
Geography, Reprinted from the Trafisactions of the Norfolk and Norwich 
Naturalists^ Society, vol. xiii, pt. iii, pp. 191-236, with eight plates, three 
text figs., and 106 maps. Price 5s. 1932. 

In collecting data relating to the local distribution of plants and animals the Natural 
History Societies of this country have made no small contribution to our knowledge of the 
British flora and fauna, and the usefulness of such work needs to be recognimxl. Such in- 
formation forms the basis for further line^ of enquiry and in particular it btjcomes a matter 
of considerable interest to assemble the facts of geographical distribution so obtained in order 
to gain a wider view and visualise the problems which arise in whole rather than in part. This 
is what Prof. Salisbury has done for the East Anglian flora, the subject of his presidential 
address last year to the Norfolk and Norwich Naturalists’ Society. 

While the more noteworthy features of the flora of East Anglia are dealt with especially, 
the author extends the scope of his address beyond the limits of Norfolk itself, since he rightly 
insists that the significance of the plant population of Norfolk can only bo appreciated in 
relation to that of Britain and the Continent as a whole. Before passing to the main subject 
of the address reference is made to some general considerations. Attention is drawn to the 
fact that species towards the limit of their geographical range show two extrt^me types of 
occurrence, (1) those which gradually become rarer as they approach their climatic limit, such 
as Matthiola sintiata, Euphorbia hibema and Ruacua aculeaJtuSj and (2) those which occur 
abundantly right up to their geographical limit, such as Primula elatior. Erica ciliaria and 
E, vagana. This mode of occurrence is held to depend mainly on the competition factor, the 
former type being characteristic of more open communities, the latter, frequently social 
species (this is probably very important), being members of advanced phases of succession, 
and characteristic of more closed plant communities. There are, however, numerous exceptions 
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to this general hypothesis and in addition to competition other factors must play a part in 
determining the degree of abundance of a species at the limit of its range. 

The recent geological history of East Anglia is next considered and the vexed problem of the 
effect of the Pleistocene glaciation upon the general distribution of the flora of Britain is 
discussed. So far as East Anglia is concerned there is little evidence that any considerable 
portion of the flora survived glaciation. The novel suggestion is made, however, that the 
extensive areas which gradually became available for colonisation on the retreat of the 
European ice-sheet provided habitats for plants of open communities such as those which 
to-day are mainly characteristic of cultivated and disturbed soil. The earlier phases of the 
post-glacial period may, indeed, have been the chief period of the geograi)hical extension of 
these species. This view may not meet with general acceptance. The species of cultivated land, 
commonly therophytes, arc usually regarded as followers of man. If, in Britain, they were 
early immigrants in the post-glacial succession, tolerant of the prevailing climatic (ionditions, 
they might be expected as early invaders in areas more recently freed from ice. But in such 
areas, if they occur at all, they are invariably associated with human activity. 

In the main portion of Prof. Salisbury’s paper the British flora is divided into nine 
components, defined mainly by the areti-s in which they occur on the CJontinent. These 
components are (a) the alpine, (h) the northeni, (c) the southern, {d) the oceanic, (e) the 
continental, (/) the western-central, {g) the endemic, (h) recent immigrants and (i) generally- 
distributed spocues. Fourof the8e(6,c,<f ande)are subdivided into eleven elements. The primfiry 
groiifw are clearly more suited to give a truer picture of the British flora in relation to that of 
the Continent than the types <jf distribution employed by H. C. Watson, whose treatment was 
too parochial, but it may be questioned whether the subdivision of some of the comjx)nents 
has not been carried too far. The continental-northern element of the northern comj)onent 
must bo difficult to separate from the northern- continental element of the continentiil com- 
ponent. The two elements, in fact, contain a number of overlapping species. Fuller definitions 
of some of the elements, making clearer where the lines of demarcation are drawn, would 
have been welcome. 

Alpine sixxdes are alisent from East Anglia, but of the northern component, the arctic, 
the northern and the continental-northern elements have collectively some 20 8j)e4ues. The 
southern component is divided into the southern element (18 spi^cies), the mediterranean 
(15 sjHJoies) and the continental-southern element (66 species). Of the bust, mentioncxi grf)up 
lis many as (K) j)er cent, exhibit within Britain a diagonal limit of distribution in the S.W.- 
N.E. direction, indicative of their comparative intolerance of oceanic conditions, soil factors 
apparently playing little part in detorraining this distribution. On the other hand, the 
oceanic component, comprising a western element (43 species) and a southern-oceanic 
element (32 sptxiie^), possesses a majority of species having a diagonal limit passing in a 
S.E.-N.W. direction, a distribution again attributed mainly to climatic causes. The conti- 
nental component comprises 99 species in all, 25 grouped as the steppe element, 44 forming 
the continental element, and 30 referred to the northern-continental element. The occurrence 
of steppe sjMXiies is associated with a combination of low rainfall and favourable odaphic 
conditions. The northern-continental species grade into the continental-northern element and 
the reference of some spocues to one or the other group is a matter of opinion. The western- 
central component with 11 species is a small ill-defined jvssemblage, frecpiently showing local 
distribution. The distribution of the endemic species, six in number, does not appear to be 
connected with their presumably recent origin. 

Finally, reference is made to a considerable number of species which are recent immigrants. 
Many of these exhibit discontinuity of distribution, and from a consideration of the group as 
a whole Prof. Salisbury concludes that it is extremely unlikely that the area occupied can be 
taken as a criterion of the direction of their immigration or as an indication of the time of 
oocu{>ation. This contention may readily be admitted for species which are adventitious, but 
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for the native flora as a whole there is some evidence in favour of the view that migratory 
lines can be traced in relation to the areas occupied by certain species or groups of species. 
The reviewer believes, also, that the time factor cannot be entirely excluded from problems of 
geographical distribution, although Prof. Salisbury seems to regard its influence as negligible. 

The general conclusion is reached that the climatic factor is the dominant one in deter- 
mining the distribution of species in Britain, though in some cases this is liable to be modified 
by edaphic, topographic and biotic conditions. East Anglia itself possesses two strikingly 
contrasted climatic areas, in which the marked difference in precipitation is accentuated by 
differences of soil and topography, resulting in the juxtaposition of both continental and 
oceanic species. Throughout the paper interesting points constantly arise and are too 
numerous to be dealt with here. The work is, in fact, a very valuable contribution to phyto- 
geography and should be read by everyone interested in the problems of the origin and distri- 
bution of the British flora. An attractive and exceedingly useful feature is the large number 
of maps (106 in all) illustrating the oomital distribution, and in some cases the relative abund- 
ance, of individud species. Though further field work may result in slight modification of some 
of the maps, they will long remain a source of great interest and valuable information. The 
eight plates contain good photographs of species which are rare or are of special interest in 
the flora of East Anglia. Copies of the paper (price 6/-) may be obtained from the Secretary 
of the Norfolk and Norwich Naturalists’ Society, 31 Surrey Street, Norwich. 

J. R. Matthews. 

TWO ELEMENTARY BOOKS ON ECOLOGY 

Leach, William. Plant Ecology for the studerit of British Vegetation. Pp. vi 
+ 104, with 6 figures in the text. London, Methuen and Co., Ltd., 
38 Essex Street, Strand. Price 3^. 6d. 1933. 

Stork, J. W. and Renouf , L. P. W. Plant and Animal Ecology. Pp. ix + 
197, with 92 figures and photographs in the text. London, John Murray, 
Albemarle St. Price 55, 1933. 

The increasing recognition of the value and importance of ecology to pupils in schools and 
students at the universities is seen in the publication of such elementary books as the two 
here noticed. 

Dr Leach’s book (in Dr de Beer’s excellent series of biological monographs — of small size 
and low price but of excellent quality), though quite simple in treatment and suitable for the 
beginner, gives a very good conspectus of the problems of British vegetation. In a short 
space he expounds the principles of the subject from the modem {>oints of view, treating 
successively of plant communities, ecological factors, and succession. He then deals with the 
practical study of these in the field, and finally gives a brief sketch of types of British 
vegetation. The pedological sections are in advance of anything that has yet appeared in an 
elementary book. We can heartily recommend this little work to the beginner in ecology. 

The book by Messrs Stork and Renouf has the admirable ideal of treating animals and 
plants together, but it may be doubted whether the time is ripe for a work of this design. Not 
enough is yet known of the actual communities of animals inhabiting different kinds of 
vegetation, and still less of the interrelations of the animals and plants. The book contains 
a great deal of good information in a short space — it is in fact a very condensed modem 
elementary natural history. But there are signs of haste in the preparation (e.g. the occa- 
sional miswriting or misspelling of plant names), and in places of a want of sufficiently 
thorough acquaintance with ecology — at any rate with plant ecology. There are a great num- 
ber of interesting figures, but not all the reproductions of photographs are as good as they 
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should be, partly because they are printed on text paper. There is a fEuscinating frontispiece 
of “an otter on the alert,” standing on its hind legs with an uneasy pose and expression 
recalling Mr 'Gluyas Williams’ drawings of the middle-class paterfamilias. 

A. G. T. 

LOCAL VEGETATION AND FLORA 

Newton, L. M. Plant Distribution in the Aberystwyth District^ including 
Plynlimon and Cader Idris. Pp. 50 with 8 figures and photographs and a 
vegetation map. Cambrian News, Ltd. Aberystwyth. 1933. 

Prof. Newton begins with a brief account of the physiography and geology of the district, 
and then deals with the principal types of plant community met with, from the seaweeds of 
the coast to the arctic-alpine vegetation on the summits of the Cader Idris range. She has 
had the advantage of referring to her own work on the seaweeds, the late Prof. Yapp’s on 
the salt-marshes of the Dovey estuary, which was published in this Journal in 1917, an un- 
published thesis by S. B. Thomas on the woodlands, an unfortunately unpublished survey by 
Prof. Stapledon of the hill country l)ehind Aberystwyth, and Mr Price Evans’ recent work on 
Cader Idris, which appeared last year in this Journal. From these, supplemented by other 
observations, it has been possible to put together a very readable account of the vegetation 
of this beautiful and interesting district. 

Lee, John R. The Flora of the Clyde Area. John Smith and Son (Glasgow) 
Ltd. Pp. xvi + 391. Price Is. 6d. 1933. 

This very attractive and useful little book is thoroughly modem in arrangement and treat- 
ment, and at the same time remarkably straightforward and easy to use. Dichotomous keys 
are provided to the families, genera and species, and the diagnoses are clear and simple. The 
“size” of sjiecies adopted is conservative: the author does not err on the side of the recogni- 
tion of “ micros j)ecie8.” The system employed follows on the whole the sequence of families 
generally employed in British floras, but the families (unfortunately called “natural orders,” 
a usage which we liopeKi was diminishing and whfch now^adays is really indefensibly “pro- 
vincial”) are groiijwxl into oixlers (here called “groups”) — Ranales, Pariettiles, etc. The 
a}x?ta]ous families are distributtxi among the Arehichlamydeac in ChenojKxliales and Poly- 
goiiales following Cary ophy Hales, and Euphorbiales, Urticales and Amentales following 
Geraniales and preceding Rosales. 

The “Clyde area,” i.e. the whole of the land surface draining into the river and firth of 
Clyde, embraces of course a great range of altitude and habitat, including many high moun- 
tains. It is sejmratod into ten divisions, lettered A to »I, mostly corresfH)nding with Watso- 
nian vice-counties. Ailsa Craig is added as an eleventh. The distribution of each species is 
given in terms of these divisions, with localities for the rarer plants. The kind of habitat is 
briefly given, and frequency is indicated by such terms as “very common everywhere,” 
“common,” “frequent,” “rare,” etc. 

Of criticisms, apart from the use of “orders” for families, we have ver^^ few . The author’s 
treatment of aliens and casuals is on the whole well judged, but he remarks, rather surprisingly, 
in the Introduction, that “the Spruce Fir and the Horse Chestnut have as gocxl a right to be 
regarded as British as have the Sycamore and the Lime.” The large-leafed and the smaU- 
leafed lames are unquestionably native in England (which after all is British), and the 
Sycamore springs from self sown seed everywhere and often establishes itself. It is certainly 
the best naturalised of alien trees. This is surely not true of the Horse Chestnut, which is 
practioaUy always a planted tree, nor is it true at all generally of the Spruce, even in Scotland. 

A. G. T, 
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THE MAY ISSUE OF THE JOURNAL OF ANIMAL ECOLOGY 

(VOL. n, NO. 1) 

This number contains seven papers, two short notes, fifty short abstracts of British papers 
on animal ecology, and some reviews. In addition there is a supplement consisting of a long 
paper by A. J. Nicholson on “The Balance of Animal Populations.” This paper summarises 
previous theories about the nature of the balance of numbers and of fluctuations in numbers, 
and proceeds to a carefully reasoned analysis (based on mathematical principles) of the 
author’s new theory that the balance of animal numbers depends on the searching for food 
(i.e. preys, etc.) and the relation of success in searching to resulting densities in the populations 
of prey and predator or parasite. J. E. Nichols describes and figures elimographs for different 
breeds of sheep in Britain, and applies the conclusions tentatively to forecasting probable 
favourable climates for certain breeds in Australia and New Zealand. An account of the 
etiology of grasshoppers on Studland Heath, Dorset, is given by C. and P. Diver. This paper 
contains also a description of local environmental conditions illustrated by six photographs. 
W. B. Alexander summarises the literature on previous studies of the rook in Great Britain, 
and describes his own investigations in the Oxford District. A map of the feeding territories 
round different rook roosts is an important addition to knowledge of rook ecology. J. M. 
Winter bottom gives a general picture of the bird communities in Nigeria, together with 
relative estimates of numbers in different habitats, partly based on counts from trains and 
partly on sample censuses. Fluctuations in cedar cone crops in Siberia are disemssed by 
A. N, Formosof, who demonstrates the connection between cedar crops and the fluctuations 
in numbers of red squirrels, by using as an index of crops the periodic migrations of the 
nutcracker, a bird closely linked ecologically with the cedar. H. F. Barnes continues a series 
of insect fluctuation studies with an account of the gall midge of meadow foxtail grass and 
its parasites. T. H. Harrisson and J. A. Moy-Thomas describe the results of a survey of wild 
mice on St Kilda, after the evacuation of most of the inhabitants, and conclude that the 
house mouse will die out, but the field mouse is at present abmidant and has gixKl pro8i)ects. 

Short notes deal with censuses of gannets, and a summary of the distribution of the great 
autumn mortality of swallows in Central Europe in 1931 ; while reviews include a summary of 
contents of the Journal of Ecology for February, the great crested grebe census enquiry of 
1931, McA tee’s thei^ries of selection of food by birds, game population research on the partridge, 
a sand-dune survey in Finland, the coral reef survey of the Great Barrier Reef Expedition of 
1928-29, and a new Russian text- book of animal ecology. The present number contains 178 
pages (including the 46-page supplement), and 4 plates. 

Chaeles Elton. 


MYCORRHIZA AND TREE GROWTH 

1. ‘‘ Reports of Committee on Mycorrhiza in Relation to Forestry.” Brit Ass. 

Reports for 1930, 1931 and 1932. 

2. “Mycorrhiza in the genus Qitrusf" M. C. Rayner. Nature, 131 , 399, 1933. 

These reports, drawn up by Dr M. C. Rayner, summarise certain general features of the 
mycorrhizal relation in forest trees. One of the original problems presented was the fact that 
certain areas in the neighbourhood of Wareham and Ringwood proved quite unsuitable for 
growing various species of pines from seed. The three principal species used, Scots Pine, 
P. aylvestris, Corsican Pine, P. laricio^ and Maritime Pine, P. pinaster, all normally form 
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mycorrhiza in their natural habitats and it was found that unsatisfactory growth in the area 
studied was correlated with a complete or nearly complete failure to produce mycorrhiza in 
the early stages. In the case of Scots Pine, moreover, there was observed a remarkable 
correlation between vigorous and spontaneous growth in certain localities and the appearance 
in these localities of sporophores of certain fungi known to be mycorrhiza formers. It api)ears 
to be established by the results of detailed examinations that mycorrhizal formation is an 
invariable concomitant of healthy growth. As two of the species studied, P. laricio and 
P. pinaster are exotic, it was necessary to determine whether the failure of the seedlings was 
due to the absence of appropriate fungi. Apparently both species can form mycorrhizal 
associations with certain indigenous soil fungi, P. pinaster with comparative , cixse, the 
Corsican Pine with some difficulty. Both species, however, benefit greatly when the soil is 
inoculated with a small amount of humus obtained from their native habitats. These results 
were obtained with both field and pot cultures and the improvement is shown in a single 
growing season. It is not known, however, whether this improvement is due to the introduc- 
tion of more favourable fungal associates or to other causes. It does appear probable, on the 
other hand, that the failure of trees to develop is in part due to nitrogen starvation. Experi- 
ments with inorganic nitrogenous fertilisers show that it is difficult to improve the growi;h of 
the seedlings by this mothcxi, owing to serious disturbances in the top-root ratios. The 
improvement following “ native humus ” inoculation may, therefore, bedue to the introduction 
of substances or organisms which either directly favour the formation of mycorrhiza, or else 
which modify the course of organic decomposition in the soil in such a w'ay as to lead to 
conditions favouring mycorrhiza development. The latter iKJssibility is being studied further 
by the addition of composts containing various tyi)es of organic substance. Its possible 
existence is, howwer, indicated by other field and pot studies. For while it is evident that, 
in the field, certain obvious conditions, such as bad aeration, may prevent the normal estab- 
lishment of the mycorrhizal relations, yet it is found that the removal of these conditions 
does not necessarily remove the inhibiting factor. The result of these studies is thus to show 
the extreme sensitivity of the mycorrhizal relation to the soil conditions and to suggest the 
possibility that the nature and mode of decomposition of the soil organic matter may be a 
factor of great importance. 

During the course of this detailed work, other facts connected with tree myc^^rrhiza have 
come to light. It has been ascertained that certain types of mycorrhiza are associated with 
vigorous development of yoimg oak trees. In the Forest of Dean, the presence or absence of 
these types is markedly correlated with the success or failure of oak plantings. It is further 
pointed out that the unspecialised mycorrhiza known as the Phycomycete type is not only 
recorded for an enormous number of wild herbaceous species but also for certain crop plants, 
such as strawberry, sugar cane, wheat and the lychee. Apparently also it is present both in the 
sweet orange. Citrus simnsis, and the sour orange, C. aurardiumy in the orchards of southern 
California. In these orchards, some form of nitrogenous manure is practically the only 
fertiliser employed. Sodium nitrate and other inorganic forms of nitrogen give poor results, 
but they are highly beneficial if applied with rapidly decomposable organic matter or stable 
manure. 

The suggestion is therefore made that the organic materials provide food for the root 
fungus and allow of the development of conditions suitable for root infection, a proportion 
of the metabolised products passing eventually to the root cells during the regular and 
extensive digestion of the intraoeliular mycelium. W. H. P. 



THE CRUMP COLLECTION OF LANTERN SLIDES, 
PRINTS AND NEGATIVES OF BRITISH 
VEGETATION 

This coUeofcion of lantern slides, prints and negatives, generously presented to the Society 
by Mr W. B. Crump, M.A., of Leeds, was referred to in the Secretary’s Report at the last 
Annual Meeting of the Society (This Journ. 21, 224), Mr Crump was one of the pioneers 
of the study of vegetation in this country in the last decade of the nineteenth century, and 
later a member of the British Vegetation Committee from which the British Ecological 
Society sprang— facts which may not be known to some of the yoimger members of the 
Society. The making of the photographs which he has now given to the Society has been 
a labour of love extending over many years, and they include many characteristic views 
of native vegetation as well as some plant portraits. They are now available for the use of 
members. 

Pending the preparation of a complete catalogue of photographs in the possession of the. 
Society, it may be useful to publish, for the benefit of members, an indication of the nature 
and scope of the Crump Collection. This consists of about 200 negatives (some 5 x 4 in. 
and the rest 3^ x 2J in.) with corresponding prints (about half with enlargements) and 
lantern slides. 

The photographs are arranged according to the classification of British plant communitie^s 
used in Types of British Vegetation, They include examples of: 

Maritime associations, comprising salt marsh and sand-dunes, the former mainly from 
Norfolk and Hants, the latter from Norfolk, Somerset, Lancs, and Wales. 

Fresh-toater associations, including floating vegetation, reed swamp and marginal plants 
(Norfolk, Suffolk, Somerset, Lancs and Yorks). 

Peat associations: (1) Fen (Norfolk and Cambs), (2) Lowland heath and moor, (3) Heather 
moor, (4) Cotton-grass moor, Bilberry moor. Retrogressive moor (Yorks, Derby, Cheshire, 
Wales, Somerset, Dorset). 

Associations of Sandy Soils (Bunter Sandstone and Lower Greensand): (1) Qiiercus robur 
wood, (2) Oak-birch heath, (3) Lowland heath (Cheshire, Norfolk, Suffolk, Bucks, Surrey). 

Associations of Siliceous Soils: (1) Quercvs sessiliflora wood, (2) Beiula pubescens wood, 
(3) Heath pasture (Yorks and Cheshire). 

Associations of Calcareous Soils: (1) Beechwood (Sussex, Surrey, Hants, Oxon, Glos), 
(2) Ashwood on Mountain Limestone (Somerset, Yorks, Derby), (3) Ash-oakwood on cal- 
careous clays, etc. (Cambs, Essex, Somerset, Lancs), (4) Galoioolous scrub and pasture 
(Chiltems, Surrey, Westmorland, Lancs, Yorks, Derby, Somerset), (6) Limestone pave- 
ments (Westmorland, Yorks). 

Culture associations: Plantations and hedgerows. 

The collection is at present housed at the Department of Botany, Botanic Garden, 
Oxford, by Mr Crump’s desire. Members of the Society may borrow a reasonable number of 
prints or lantern slides for a limited time on payment of carriage both ways. 

Messrs Flatters and Garnett, 309 Oxford Road, Manchester, have a set of negatives from 
which they are prepared to supply' lantern slides to members of the Society only at Is, 3d. 
each (ordinary price Is, 0d.). A catalogue of slides which the firm can supply may be 
obtained from them. 



Supplement XII 

BRITISH EMPIRE VEGETATION ABSTRACTS: 

TITLES AND ABSTRACTS OF PUBLICATIONS ON THE 
VEGETATION AND ECOLOGY OF THE OVERSEAS EMPIRE 
AND ON RELATED TOPICS 

(1) CANADA (Collaborator, J. E. Dandy) 

791. Adams, J. ‘‘A Bibliography of Canadian Plant Geography, 1921-1925/’ 
Trans. Roy. Can. Inst. 17, pp. 267-295. 1930. (1. 202.) 

This is a continuation of the Bibliography (dealt with m Abstract 476) which covered 
the period up to the end of 1920. The names of authors are arranged alphabetically. At the 
end of the paper are lists of additions and correctiona to the original Bibliography already 
mentioned. 

792. Adams, J. and Norwell, M. H. ‘‘A Bibhography of Canadian Plant 
Geography, 1926-1930.” Trans. Roy. Can. Inst. 18, pp. 343-373. 1932. 
(1. 203.) 

A further extension of the Bibhography mentioned in the preceding Abstract (791). 
The present contribution is arranged in the same way as the first extension, with lists of 
additions and corrections. 

793. Martin, G. W. '‘New species of sUme moulds.” Journ. Wash. Acad. 
Sai. 22, pp. 88-92, Figs. 1-13. 1932. (1. 204.) 

One of the new species is Anuiuruduiete trechis'poniy described and figured by T. H. 
Macbride and Martin from Ontario. 

794. Victorin, M. “Quelques plantes nouvelles ou rehquales du bassin de la 
Bale des Chaleurs.” CotUrib. Lab. Bot. Univ. Monlrml, 20, pp. 1-22, 
Figs. 1-13. 1932. (1. 205.) 

In this contribution the author deals with tliree very interesting plants from the Bona- 
venture County portion of the Gaspt^ Peninsula, Quebec. The first is Aster gmpensis, described 
and figured as a new species; this is an addition to a group of Asters (sect. Fulcrali) of which 
the remaining members are confined to the western side of North America. Gentiaiia 
gaspensis also is described and figured as new; this plant is consideml to be the link con- 
necting the northern European and Greenland G. deto7isa with the western North American 
O. Macounii and G. t&nsa (a new combination based on G. dekwsa var. tonsa). Both G. 
ifocounu and G. tonsa are Canadian species. The third plant discHussed is referred to Lathyrus 
nevadensis, and is regarded as a robe, for it is the only knowm oiustern representative of a 
species which is widespread in the Pacific United StaU^s. Besides figures of the plants the 
paper (which is in French) is illustrated with maps showing the geographical relationships. 

795. Victorin, M. ‘'Sur quelques pt^ridophytes nord-amdricaines.” Conirib. 
Lab. Bot. Univ. MofUrM, 21, pp. 1-7, Figs. 1-3. 1932. (1. 206.) 

Lycopodium tristachyum var. boreale is described and figured as new from material 
collected in the neighbourhood of the Great Bear Lake, Mackenzie. Botrydi ium minganense 
is XII 
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is recorded from the same region. Victorin discusses the validity of this latter species, and 
gives a key separating B, Lunaria, B. minganensey B. pumicolay and B, simplex. The paper 
is in French, and is accompanied by maps showing the distributions of L, tristachyum (with 
its var. horeale) and B, minganenae, 

796. Davidson, J. “The Flora of British Columbia.” Journ, Roy. Hort. Soc. 
56, pp. 201-206, Figs. 66-72. 1931. (1. 207.) 

In this contribution the author deals only with species of horticultural interest, and 
describes the habitat conditions under which they grow. 

797. Rydberg, P. A. “Taxonomic notes on the flora of the prairies and 

plains of Central North America.” Brittoniay 1, pp. 79-104. 1931. 

(1. 208.) 

This paper is preliminary to the publication of the Flora dealt with in the following 
Abstract (798). It contains notes on nomenclatural problems and changes, together with 
diagnoses of new species and genera. 

798. Rydberg, P. A. Flora of the Prairies and Plains of Central North A merica. 
Pp. i-viii + 1-969, Figs. 1-600. 1932. (1. 209.) 

A complete manual of the flowering-plants and pteridophytes of the states of Kansas, 
Nebraska, Iowa, Minnesota, South Dakota, and North Dakota, and of southern Manitoba 
and south-eastern Saskatchewan. Keys are provided, and each species is furnished with an 
adequate description. 

799. Samuelsson, G. “Die Arten der Gatturig Alisrm L.” Ark. for Bot. 
24, A, 7, pp. 1-46, Figs. 1-3, Plates 1-6. 1932. (1. 210.) 

A critical revision (in German) of the genus Alisma. According to Samuelsson's arrange- 
ment, Alisma is represented in Canada by three species, as follows: A. PkirUago-aquatica 
(subsp. brevipes), A. subcordutum. and A. gramineum (type and var. Oeyeri), A. PlarUago- 
aqiuUica subsp. brevipes and A. gramineumt var. Geyeri sae published as new oom binations 
based on A. brevipes and A, Oeyeri respectively. 


(2) SOUTH AFRICA (ConLABORAToa, A. W. Exjbll) 

800. Fourcade, H. G. “Contributions to the Flora of the Knysna and 
Neighbouring Divisions.” Trans. Roy. Soc. S. Afr. 21, pp. 76-102. 1932. 
(2. 160.) 

This is a list of the flowering plants found in the divisions of George, Knysna, Humans- 
dorj), and Uniondale, based chiefly on the collections of the author. New species are described 
in the genera Ariapalinay TrUoniay Lachenaliay MasaomOy Omithog&lumy LobeHuy Priemtxto- 
carpuSy Aster y Osteospermtmiy SeneciOy Ovscutay Cotyledon, HeUophUa, Pekirgormmy Cyclopia, 
Indigofera, Psoralea, Vigna, Plantago, Agathosma. Barosma, Sutera, Solanum, and Lachnaea, 
and new combinations or new names in the genera Bpiloxene, Ficinia, Scirpus, Panicum, 
Hesperantha, Bulhine, Dipcadi, Haworthia, Acrolophia, HereAdia, Cariesa, Tylophora, 
Berkheya, Pentzia, Peyrouaea, Pteronia, Kedaodis, Leuoadmdron, Lemospenmm, Panommus, 
Protea, Cytinvs, AgaAostm, AHophyVas, and Hemhemnia, 
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801. Verwoerd, L. and du Plessis, S. J. “Descriptions of some new Species 
of South African Fungi and of Species not previously recorded from 
South Africa. IV.” S. Afr. Journ. Sci. 29, pp. 313-316. 1932. (2. 161.) 

New species are described in the genera Didymosphaeria, Peronospora, Phomay PhyUo- 
sticta, and Stigmatea. 

802. Dirkse-van Schalwyk, Hester A. and Hector, J. M. '' Studies in Soil 
Bacteria. I : A preliminary Account of the Distribution of Azotobacter in 
some Transvaal Soils.” S. Afr. Journ. Sci. 29, pp. 324-331. 1932. f2. 162.) 

Of the Transvaal soils examined 60 per cent, were found to contain Azotobacter. The 
higher counts were found in soils with a high pH reaction ; further, these soils had either been 
irrigated or heavily watered. 

803. Henkel, J. S. ‘‘The Wattle Bagworm {Acantho psyche Junodi Heyl.): 
an Ecological Study.” S. Afr. Jouryi. Sci. 29, pp. 355-365. 1932. (2. 163.) 

The wattle bagworm causes extensive damage to wattle plantations in Natal. Its natural 
habitat is the thornveld, zones of distribution varying with climatic cycles. The only im- 
portant indigenous host plant is Acacia karroo. Host trees growing in situations subject to 
sea breezes are immune from bagworm attack. Ecological study indicates that the insect is 
more likely to be controllcHl by attacking its early larval stages, than at any other period of 
its life history. 

804. “Novitates Africanae.” Journ. 71, pp. 69-73 and 122-125. 1933. 

(2. 164.) 

New sj)eciea of Leucospermumy Niventay Ornithogaluni y Neobakeriay Oethyllisy MoreUy 
Ferraria, Waisontay Oladiotus and Hernias are described. 


(3) AUSTRALIA AND TASMANIA (Collaborator, V. S. Stjmmerhayes) 

805. Osbom, T. G. B., Wood, J. G. and Paltridge, T. B. “ On the Growth 
and Reaction to Grazmg of the Perennial Saltbush, Atriphx vesicarium. 
An Ecological Study of the Biotic Factor.” Proc. Linn. Soc. N.S. Wales, 
Sydney, 57, pp. 377-402, Plates 7-9, 5 Text-figs. December 15th, 1932. 
(3. 67.) 

The investigations described were carried out at the Koonamore Vegetation Reserve, in 
the north-east of South Australia. Atriplex vesicariuniy the perennial saltbush, is the 
dominant plant over the extensive shrub steppe formation that is developed in the north- 
east of South Australia and many other portions of arid Austraha. The community is an 
o})en one composed of low-growing bushes with much bare ground between. The plants have 
usually a number of slender brittle stems branching freely at the base. The leaves are non- 
cuticularised, tnmentose with densely packed bladdery hairs and somewhat succulent, but 
with a high osmotic pressure. The transpiration rate is low and the leaves are able to absorb 
moisture from the air with 85 per cent, saturation. The root system is extensive but super- 
ficial. Deciduous feeding roots are a feature of the main framework, and the root system is 
probably non-functional during droughts. During prolonged rainless periods the leaves 
pass into a state of permanent wilting, which is delayed by their capacity to gain water from 
dihnp air. Ultimately they are exfoliated and the plant passes into a leafless state. 
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The diurnal range of temperature is great and therefore the relative humidity at times 
of low temperature is surprisingly high. The saturation deficit varies during the day, and 
when it is low the Atriplex leaves absorb water. 

The north-east district of South Australia is leased as large sheep stations which are 
subdivided into paddocks, seldom less than 20 square miles in area. These are provided with 
one or more watering places. Those portions of a paddock within tliree miles of water are 
grazed and trampled by sheep much more intensively than others remote from water which 
may be seldom or never grazed at all. Four zones of decreasing severity in stock effect can 
be recognised: 

The A Zone, immediately around the watering place. 

The B Zone, on main feeding grounds of the sheep. 

The C Zone, beyond B, which is only lightly grazed. 

The I) Zone, still more remote and virtually ungrazcd. 

Systems of transect lines have been run from several v atering places on different stations 
to secure variation in type of country and management. Along these lines the number of 
saltbushes and the vegetative vigour of each bush according to a predetermined scale has 
been ascertained. Transect readings obtaiiu^d in the D Zone, 3-5 miles from water, provide 
the standard of the unstocked community. 

Compared with the D Zone, the B Zone shows an increase in the number of healthy 
plants, but no significant difference in the total number of plants. The C Zone shows an 
increase in thtj total number of plants and also in the number of wilting plants. This Zone 
is therefore less healthy than cither Zones B or I). This is attributed to tlic planting of sccmI 
by the hooves of sheep and the failure to remove moribund plants by light trampling, thus 
leading to an overcrowded community in which the competition is unduly severe. Inter- 
mittent but heavy stoc king seems to be more beneficial to the saltbush for the reasons j ust gi ven . 

806. G\mnmgham, G. H. “The Gasteromycetes of Australasia. XV. The 
Genera Mesophellia and Castoreum.” Proc. Linn. Soc. New South Wales, 
Sydney, 57, pp. 313-322, Plate 6. December 1.5th, 1932. (3. 58.) 

Altogether six species are dealt with in this paper. Keys to the genera and to the species 
of Castoreum are given, and also descriptions of all the species. 

807. Murray, B. Jean. ‘‘A Study of the Vegetation of the Lake Torrens 
Plateau, South Australia.” Trans. Roy. Soc. S. Austral. Adelaide, 55, 
pp. 91-112, 1 Plate, 1 Text-fig., 1 Map. December 24th, 1931. (3. 69.) 

The Lake Torrens plateau lies to the west of Lake Torrens, and consists of flat-topp€^d 
hills and stony or gibber tablelands with patches of sandhills and clay or loam flats. It is 
surrounded by extensive loam plains intersected by sand-ridges, salt-water lagoons and 
freshwater swamps. The whole area lies between the 6 in. and 8 in. isohyets, and is part of 
Tate’s Eremian Region. 

An analysis of the flora is given and the relationships of it with those of surrounding 
districts are discussed. 

The various geographic, climatic and edaphic factors influencing the vegetation are 
described; an analysis of the life forms is given in the spectra of the region and various 
habitats, and several compound species such as Atriplex vesicarium are discussed. The 
climatic climax for the whole region is an open scrub formation of themyaU-mulga-Aff/opomm 
platycarpum type, with a saltbush- bluebush lower stratum among the larger shrubs that 
grow among the three main dominants. This climax can only be attained when optimum 
soil conditions prevail; edaphic or sub-climaxes are developed under other conditions. These 
associations are described in detail with notes on succession, regeneration^ etc, A vegetation 
map of the district is given. 
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(7) INDIA, BURMA AND CEYLON (Collaborator, R. J. D. Graham) 

808. Parkinson, G. E. “A note on the Burmese species of the Gehus 
Dipterocarpus.” Burma Forest Bulletin, 27 (Botanical Series, No. 4). 

1931. (7. 171.) 

Drawings of leaf and fruit and a sketch map showing the distribution of the eleven 
Burmese species are given with field notes. 

809. Macalpine, R. I. ''Identification of the Garjans {Dipterocarpvs spp.) 
in Cox’s Bazar Division.” Indian Forester^ Allahabad, 58, pp. 359“-361, 
Plates 17-20. July, 1932. (7. 172.) 

Distinguishing characters of IJipierfKfirjms alatiui, D. costatus, D. turbinatus and D, 
pilmus based on the fruits are described. Field distinctions based on vegetative features and 
pericKls of flowering and fruiting are also given. The illustrations include the twigs, flowers 
and fruits with dissections of the flowers. 

810. Parker, R. N. Casnarina root-nodules.” Indian Forester, Allahabad, 
58, pp. 362-364. July, 1932. (7. 173.) 

Root nodules are re[)ortt^d on Casuarina glauca, C. equisefifolia, and C. vwnUina growing 
at Dehra Dun from seed not deliberately inoculated. Observations indicate that nodule^s are 
necessary for satisfactory growth on ordinary agricultural soils in this locality. A list is 
given of plants said to hav(‘ root structures imKluced by nitrogen-fixing bacteria of the 
Pscudi/monas radicola ty]K\ 

811. Aiyar, T. V. V. "The Sholas of Palghat Division.” Indian Forester, 
Allahal)ad, 58, ])p. 414 432, and 473- 486, Map 1. August and September, 

1932. (7. 174.) 

'Fhis is a study in ecology and in sylviculture of the tropical rain forests of the western 
Ohats. The area described covers 140 square miles on the southern extremity of the western 
(Units lying 50 mik's inland from the Arabian sea. The western boundary is the Malabar 
plain stretching to sea-level, the eastern boundary the Carnatic plain. The forest areas, 
lying in the hills, fall into tliree natural regions. The northern at an elevation between 
4(X)0 and 70(K) ft. is traversed by two parallel valleys running north and south; the southern 
region, elevation 2500-35(K) ft. traversed by radiating valleys and a central plateau region 
at 3(XK) ft. separating both. Nilgiri gneiss is the main skeleton of the hills, the soil a ferru- 
ginous clayey loam generally well drained on the s1ojh>s. Rainfall averages 250-300 in. in 
the northern rt^gion, the heaviest falls in the south- \\est monsoon, in the southern region 
over 150 in. during both monsoons, the central region has a lower rainfall toward the east 
and that from the north-east monsoon. Perimlicitv of growth and i'tq)rod notion oecairs, 
activity bidng at a minimum from dune to September due to heavy rain and eonst*int heavy 
cloud, even germination of seeds being retarded. Vegetative activity (‘ommences in Sep- 
tt^mber-0(jtober while flowering starts in November and continues till June. Tropical rain- 
forest reaches an optimum between 25(K) and 3560 ft., passing into monsoon forest below this 
and merging into sub-tropical evergreen forest above 50CK) ft. 

Tropical rain forest has a dominant first storey 100-150 ft. higli and includes CnUenia 
exceJm, Machilm macrantha, Elaeocarpus tuberculaUus, E, rnunroiu Palaquiimt eUipticum, 
Mesva ferrea, CalophyUuni datum, Canarium sirictum, Dysoxyltini rnalaharicum, Valeria 
m^icrocarpa, Poeciloneuron indicum, Eugenia sp., Heritiera papilio, Chrysophyllnm roxhunjhii, 
Mangil^ra indica, Ariacarpus integrifolia, PdlyaUhea coffeoides, Cinnamomum zeylanicum. 
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Holigama amottiana, H, grahamiiy Meliosma arnottiaruiy Hopm glabray Litsaea wightiaiiUy 
Mastixia arhoreu, Hemicyclia alata, Cychstemon ccyvijertijiorusy Strombosia ceylanicay and 
Filicium decipiens. 

The second storey consists of Myristica laurifoliay Hydnocarpus ivightianay H. alpinUy 
Nephdium longana, Lansimn aimmalayanumj Qarcinui spicaUiy Garcinia sp., Elaeocarpua 
serratus, Adenochlaena indica, OompJmndra polymorpha, Gordonia obtusUy Eugenia sp., 
Baccaurea courtallensisy Qlochidion rmlaharimniy Canthium didymum, Litsaea stocksiiy 
Scolopm crenatQy Xanthophyllum flavescenSy Mappia foetiduy and Actinodaphne hookeri. 
Shrubs include Euonyrnus angulatuSy Agrostistachys indicuy A. longifoluiy Eugenia munroiy 
Eugenia laekt, Paramignya armaUiy Sauropus albicansy Leea sambuciruiy Saprosrna fragranSy 
Webera sp., Clerodendron infortunatuniy Maearariga roxhurghiiy Strobilanihes sp., La 2 )ortea 
crenulaUiy Oku dioica, Linocera maMbaricay Callicarpa lanata, Pax^etta zeylanicAiy Vernonia 
arboreUf Lepisanthes deficiensy Txirpinm makibaricay Orophea unifloroy Sarcococca brevifolia 
and Croton scabiosus. 

The ground flora is poor including Hexkeria subpeltakiy Ochlandra Beddorneiy Elettoria 
cardamomuniy Curcuma sp., and some Araccae. Lianas are represented by Gneturn scandensy 
Calamus sp., SmUax macrophyllay EJaeagnua latifoliay Derris sp., Eniada scandenSy Senecio 
araneosusy Thunhergia mysorensisy Paramignya armatay Luvunga eleutherandray Morinda sp., 
and Fagraea oboiata, an epiphyte. Typical features are the extraordinarily large numbers 
of species; trees with plank buttresses, prop roots and euliflory. 

Eight associations are recognised: (1) Cullenia’Pakiqimmiy (2) Poeciloneuron-Palaquiumy 
(3) Palaqumm-Memuiy (4) Ochlandra- Poecilormiron-y (5) Ochlatyira-Calophyllimiy (6) Mesua- 
Calophylluniy (7) Valeria -Culleniay (8) Vateria-Me.sua. 

(1) With CuUenia excelsa and Palaquiuni elliptieuni as dominants is tlie most widespread 
and prevails at elevations 2500-3500 ft. in the southern and plateau regions, and in the 
south of the northern region. Soils are deep and well drained; rainfall heavy. Consociations 
of CuUenia and Palaquiuni occur in patches. A variation witli Alesxm occurs at 3750-5(KX) ft. 
in the northern region where local conditions cause a rainfall approximating to its demands. 

(2) This association occurs only in the northern region between 3(MX) and 4(XX) ft. 
Dominant species in descending order are Poeciloneuron indicurriy Palaquiuni ellipticuniy 
Calophyllum elaUmiy Mesua ferrea. Soils very damp or marsh, rainfall heaviest. In marshy 
places with Ochlandra Poeciloneuron and Calophyllum are dominant trees. In well-drained 
places and above 35(X) ft. Mesua appears. Consociations of Poeciloneuron occur in patcdies. 
Apart from this consociation co-dominant species art^ Heritiera papiliOy CuUenia excelsa and 
Valeria macrocarpa, 

(3) This association occurs between 3000 and 3750 ft. between (1) and (2). The dominant 
species are Palaquium ellipticum and Mema ferrea; co-dominant are Calophyllum elaturny 
Heritiera papilio and Artocarpus inteqrifolia, 

(4) and (5) are localised edaphic climaxes in marshy tracts — Ochlandra Bexldaniei with 
Calophyllum datum, Hopea glabra, Eugenia sp. and Bischoffia, javanica^ characterise the first, 
while with heavier rainfall Poeciloneuron indicum replaces Calophyllum in the second. 

(6) This association replaces (3) at elevations between 3500 and 4500 ft. where it is 
widespread. Associa tes are Litsaea oleoides, L. stocksii, Gordonia obtusa, Elaeocarpus munroii, 
Cinnamomum zeylanicum, C. sulphuratum, Eugenia sp., Symplocos spicata, Alseodaphne sp., 
Actinodaphne Bourdilloni, Consociations of Mesua and Cahphyllum are features. 

(7) Valeria rnacrocarpa &n(L CuUenia excelsa with Palaquium dlipticum, Mesua ferrea, 
CalophxjUum datum, Polyalthea coffeoides as co-dominants occjut in the northern region on 
moist well drained soils with heavy rainfall. Vat&ria consociations are an edaphic climax 
in this community. 

(8) Valeria rnacrocarpa, with Mesua ferrea and CalophyUum datum as co-dominants, 
replaces (7) at 4000 ft. on moist slopes and near streams in the northern region. 
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Successions are described where regressions have occurred. Regression is greatest after 
landslips, and on abandoned tea estates. First appear grasses with a species of bracken, 
colonies of Wendlandia notoniana. A ground orchid appears after fires, and in places Hyperi- 
cum mysoreuse is prevalent. Invaders from the tropical rain-forest follow Maesa perrottet- 
tiana and Olochidion malaharicum followed by consocies of Oordonia ohtusa and Symplocos 
apicata with a height of 30 ft. Later associes of Acronychia laurifolia, Elaeocarpua munroii, 
Melioama arnottiana, Litaaea atocJcaii, Olea dioica,^ Allophylua cobhe, Linocera mcUabarica and 
finally one of the climax communities develojwj. 

In grass land adjoining tropical rain-forest the regression is less severe. Syrnplocoa 
apicata, Ocyrdonia obtuaa, Linocera malabarica^ Croton acabioaua, Maesa perrottettiana and 
Acronychia laurifolia are followed by Macaranga roxburghii and Clerodendron infortunatum, 
and later by Elaeocarpua munroii, E. aerratus, Melioama amottiana, Canariurn atrictum^ 
Canthiurn didymum, Vernonia arborea, succeeded by one of the (climax communities. On 
open grass land with shallow rocky soil Phyllanthua emblica, Dalbergia latifolia, Sterculia 
guttata, Erythrina indica first appear followed by Lageratroemia Janceolata and Sapium insigne. 
Later colonies of Heritiera papilio are succeeded by Caloj)hyllum elaturn and Meaua ferrea 
if soil water suffices. In areas in the southern region all timber down to 1 ft. diameter was 
removed. Exposure killed the remaining advance growth of useful species. Weeds took 
possession to be followed by Leea sambucina, Trema orientalia and Macaranga roxburghii. 
Sheltered b}^ these Calophyllum elaturn, Artocarpua mi^grifoliu, Heyneu trijiiga, Lansium 
anamalayanum^ Meaua ferrea, and Palaquium elliptirum have regenerated. Semi-tropical 
rain-forest in the same region contains a few Calophyllum elaturn and Meaua ferrea among 
Artocarpua hirauta, Acrocarpua fraxinifoliua, Lageratroemia lanceolata, Biachoffia javanica, 
Chukraaaia tabularia, Ce/lrela toorui, Hopea parinflora and H. wightiana. After similar 
denudation there was a regeneration of light seeded species, e.g. Acrocarpua fraxinifoliua, 
Chukraaaia tabularia, Cedrela toona, Lageratroemia lanceolata and Biachoffia javanica with 
seedlings of useless species, e.g. Trema orientalia, Macaranga roxburghii, Caesalpinia mimu- 
aoidea. In two years these lattc^r dominated the regeneration — a marked contrast to sequence 
with evergreen species. 

Sylvicultural characters of Meaua ferrea, Palaquium ellipticum, Calophyllum elaturn, 
Acrocarpua fraxin ifoliua and Dysoxylum malabaricum are given. 

812. Hole, R. S. '‘Sal and its regeneration in the United Provinces.” Indian 
Forester, Allahabad, 58, pp. 433- 437. August, 1932. (7. 175.) 

Reference is made to Smythies’ paper (7. 164), and a plea put forward for the more 
exact use of ecological terms of classification in Indian forest publications. 

813. Parker, R. N. Crypiocarya aniygdalma Ness, and C.floribunda Ness.” 
Indian Forester, Allahabad, 58, pp. 437 -438. August, 1932. (7. 176.) 

Descriptions of the main distinctions are given and the distribution of the two species. 

814. Parker, R. N. “The genus Cymbopogon in north-west India.” Indian 
Forester, Allahabad, 58, pp. 687-689. December, 1932. (7. 177.) 

The looahties for Cymbopogon schoenandiua, C. juarancuaa, C. Parkeri, C. diatana, C. 
gidarba are given. 

815. Champion, H. G. “The problem of the Pure Teak Plantation.” Forest 
Bulletin (Sylviculture Series), 78, 1932. (7. 178.) 

816. Wahid, S. A. “Treatment of Babul (.4cacia. ara6ica) in Berar.” hidian 
Forest Records Sylviculture, Series 17, part 2, 1932. (7. 179.) 
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817. Millard, W. S. and Blatter, E. “Some beautiful Indian Trees.” Journ. 
Bombay Nat. Hist, Soc. 34, pp. 139-140, Col. plate 18, Plate 19, Text- 
figs. 2. November, 1932. (7. 180.) 

Oliricidia rnuculata is figured and described. 

818. Biswas, K. ‘‘Glimpses of the Vegetation of South Burma.” Journ, 
Bombay Nat, Hist, Soc, 34, pp. 285, 286, Plates 1 and 2. November, 
1932. (7. 181.) 

In a brief generalised account of the Tropical Rain Forests of South Burma attention is 
drawn to their striking similarity with those of Chittagong Hill Trail ts and Aracan Sea 
Coasts. 


819. Biswas, K. “Algal Flora of tlie Chilka Lake.” , Mem, Asiatic Soc. 
Bengal, Calcutta, 9, pp. 165-198, Plates 24 32. December, 1932. (7. 182.) 

The Chilka Lake is a lagoon directly connected with the sea and also fed by the Mahanadi 
river system. It is situatexl on tlie east coast on the boundary of Orissa and Madras. The 
area is 350 sq. miles, average depth 6 ft., maximum 20 ft., water temperature 25-35^ C. 
The outlet is salty, the main lake brackish in dry season, but both almost are fresh during 
and after the monsoon. The climate is tropical, rainfall 45 -40 in. 

The vegetation of sandbanks is Crat^eva religiom with grass and sedge, on rocky islands 
and promontories Bamlmm arnndmacm on slopes with Phragmites Karka at base. Nalbano 
island, the largest, shows a more or less pure association of Phragrnites Karka, Pongamia 
glabra forms an association on the north and south of Barkuda island. Submerged phanero- 
gams are PotamogaJton im'iinattLS and HalophiJu ovata. In the algal flora Gracilaria confer - 
voides iB the largest, Eniermnorpha, mtestiimles forma corniux}piae, E. cornpressa, Gratehmpia 
filicirm occur on vertical rocks with Polysiphonia mhiiliasirna below; Cladophora glormraia 
forma callicovm grows on rocky foreshore, diatoms are abundant. The jilankton is not rich 
and consists of fragments of the above forms held together by Lynghya aeMmirii which is the 
dominant species, reaching 33*8 i>er cent. The plankton shows a maximum in SeptemlH‘r 
with a smaller rise in March. An impossible comparison is made with the Calcutta salt 
lakes which differ in being situated in the bed of the Hooghly with no direct communication 
with the sea, having an area of only 26 square miles, an average depth of 1-3 ft. and being 
fed by muddy tidal sewage water. The land vegetation of mangroves and marsh forms 
favour brackish and sea water forms which increase in the dry season. Analysis shows a 
steady rise in minimum halogen content from February to May. The chief algal feature is a 
green scum of Euglena sp., Chorella vulgaris, Pandorina Morurri, Arthospira phiensis, 
SpiruUna major and Oscillatoria species and diatoms, while Microcgaiis aeruginosa colours 
the water. Enterornorpha intestinalis and Cfaietornorpha Linum oiicur near edges of pools 
and Polysiphonia angustissima on submerged objects. Descriptions of OscilUUoria chilkensia 
and O, laetivirens var. minima are given as new amongst notes on 22 forms collected. 


820. Biswas, K. “Notes on th'e organisms in the filtered water of Calcutta,” 
Journ, and Proc, Asiatic Soc, Bengal (New Series), 26 (1930), pp. 533-540, 
Plate 4. December, 1932. (7. 183.) 

The occurrence of Syned/ra affinis var. fascvculatcLy Cfiorella vulgaris, ProiococA^us viridis, 
Lyngbya ochracea and Qalleonella feruginea is recorded. 
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821. Biswas, K. “The roJe of Aerophilous Algae in producing colour effect 
on the bark of Oreodoxa regia in the Royal Botanic Garden, Calcutta.” 
Hedmgia, 72, pp. 31-41, Plate 1. 1932. (7. 184.) 

Scytonema ocellatum, Protococcua viridia, Trentepohlia odorata, T. unthrina and T, jolithua 
var. hovina occur and their i^eriodic activity corresjionds to the monsoon activity. 


(9) CENTRAL AND SOUTH AMERICA (Collaborator, R. C. McLean) 

822. Swabey, G. ‘'Some Aspects of Silviculture in Trinidad.’’ Empire 
Forestry Journ. 11, No. 2, p. 222. 1932. (9. 22.) 

The soils of Trinidad, except for a small part of the Northern Range, where there are 
intrusive and mettimorphic rocks, are derived from sedimentary rcjcks, and vary between 
light sands and compact clays. The bulk of the forest lands have a rainfall of 75-100 in., 
with a consistently high (78 100 per cent.) relative humidity. The driest months are 
February, March and April. There are no hurricanes and the mean annual temperature is 
67^ F. 

The climax vegetation is a gregarious forest association of Mora excelaa (80-90 per cent, 
of the stand). The principal other assotuations are Cara jm-LecyMa-Salxdy on clays and “ good ” 
soils, and Carajm-Lo'/yihia-Maxirniiw^^ on poorer sands. There are also small areas of 
scrub in the north -w(38t and of semi-deciduous forest (TricMlia-Brosimuni association) in 
the south. 

The chief silvicultural problems are: (1) the regeneration of the mixed forests in the 
rc^erve^, with the replacement of valueless by valuable species; (2) the regeneration of the 
gregarious Mora forests? afti^r more or less intensive logging. 

So far the Mora forests are virtually unaffected by human activities but the mixed forests 
have been selectively logged for Cedrela mexicana and Mimusops Balata and to a lesser 
degree for some other species. 

Soil deterioration, due to intense leaerhing and oxidation of the surface layers, is very 
marked in cx{)osed areas and particularly affects the regeneration of Cedrela^ which is a 
surface rooting tree. Regeneration of this species clejKinds therefore on the maintenance of 
a close ground cover. 
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